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FOREWORD

As environmental controls becone nore costly to inplenent and the
penalties of judgment errors become nore severe, environmental quality
managenent requires nore efficient analytical tools based on greater know
| edge of the environnmental phenonena to be managed. As part of this Labor-
atory's research on the occurrence, novenent, transfornation, inpact, and
control of environmental contam nants, the Technol ogy Devel opnent and
Applications Branch devel ops managenent and engineering tools to help pol-
lution control officials achieve water quality goals through watershed

managenent .

Agricul tural sources contribute significantly to water pollution
problens in many areas of the United States, but control efforts to reach
wat er quality goals nust recognize the social and econom ¢ di nensions of
alternative approaches. This report presents a technique for analyzing
the water quality and economc inpacts of alternative activities and non-
poi nt source pollution control policies as a means of identifying best man-
agenent practices. The methodol ogy should aid the environnental decision-
meker in establishing bal anced nonpoint source pollution control policies.

David W Duttweiler

Di rector

Envi ronnent al Research Laboratory
At hens, GCeorgia



ABSTRACT

Thi s study addresses the problem of anal yzi ng nonpoint source pollution
impacts fromagriculture. It was undertaken to deternmine the feasibility of
devel opi ng an anal ytical method that can be applied to the assessnent of con-
trols for reduci ng nonpoint source pollution fromagriculture. The anal ytica
met hod devel oped al l ows the sinultaneous examination of 1) the water quality
i mpacts of selected agricultural practices and 2) the econonic effects that
alternative practices and nonpoint source pollution control policies have on
the farmer. The nonpoint source pollution control problens that the nethodo-
| ogy addresses are linmited to those that are amenable to solution by incre-
mental on-farm adjustments for damage reduction.

The proposed nethodol ogy includes 1) a farm nodel, which accepts as exo-
genous inputs alternative agricultural practices available to the farner and
determi nes the net revenues resulting fromeach alternative; 2) a water
quality nodel, which analyzes the water quality inpacts of the selected agri-
cultural practices and which is conposed of (a) a watershed nodel that des-
cribes the pollutants generated by the farmng practices and their inpact on
river water quality and which evaluates soil loss, and (b) an inpoundnent
model which eval uates the inpoundment water quality effects of the watershed
pol lutants; and 3) a qualitative approach for the assessnent of the socio-
econom ¢ inpacts of water quality changes on downstream users. The nethodo-
logy is designed to facilitate the conparison of alternative agricultura
practices for the purpose of identifying best managenent practices (BW'Ss).
It also may be applied to eval uate governnent nonpoint source pollution con-
trol policies and the effects of alternative agricultural futures. The
met hodol ogy' s use for these purposes is evaluated through an illustrative
exanmpl e based on data fromthe Black Creek watershed in Northeastern |ndiana
and a synthesized downstream i npoundment.

It appears that the devel opment of such a nethodol ogy for regional-Ieve
planning is feasible and woul d be of significant value for broad anal yses of
| arge nunbers of policy alternatives, including identification of BW's. How
ever, the methodology is currently at a prelininary stage of devel opnent, and
further refinenents are necessary to make it fully operational

This report was submitted in fulfillment of Gant No. R805036-01-0 by
Meta Systems |Inc under sponsorship of the U S. Environnental Protection Agency.
This report covers the period August 1, 1977 to Septenber 30, 1978, and work
was conpl eted as of Septenber 30, 1978
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SECTION 1

| NTRODUCTI ON

This study addresses the probl em of anal yzi ng nonpoint source pollution
inpacts from agriculture. It was undertaken to determne the feasibility
of devel oping an analytical nethod that can be applied to the assessnent of
controls for reducing nonpoint source pollution fromagriculture. It is
wi dely recogni zed that the goals of the Water Pollution Control Act Anend-
ments of 1972 will be achieved only if in addition to point source pollution
nonpoi nt source pollution is controlled. Authority exists under PL 92-500 and PL-
217 for EPA, in conjunction with individual states to devise policies and ini-
tiate control programs to nanage nonpoint source pollution. However, prog-
ress has been slow. Many reasons can be cited, including strong econonic
forces that are in conflict with attenpts at environnmental control, and the
| ack of detailed know edge of physical, chenmical, and biol ogical processes
associated with environmental inpact of pollutants from nonpoint sources.
Such know edge is needed to identify pertinent and defensible policies for
analyzing the inpacts of agricultural practices

Agri-environmental problems can be classified in various ways. For this
study we have devised the follow ng classification.

A, Problens in which human or ecosystemhealth is at issue:

1. those involving residuals generation and transport wth
a large array of chemical transformations over a w de
tenporal scope and near-linear damage functions, such
as synthetic biocides and toxics;

2. those involving residuals generation and transport of
a few defined elenents and non-linear (or threshold)
damage functions, such as nitrates.

B. Problems in which major concern is with aesthetics, recrea-
tion, or other econonic inpacts:

1. those involving generation and transport of residuals,
such as sedinment and nutrients;

2. those involving long-termland productivity, such as
soil loss;

3. those involving spatial diversity, such as monocul ture.



In solving environnental problens, at |least two different approaches are
emerging. One involves incremental adjustments at |ocal or regional |evels,
while the other is directed to controls at the national |evel after the
exam nation of large-scale trade-offs.

It is believed that the environmental problenms of types A-2, B-1, B-2,
and B-3 are anenable to solution by incremental approaches based on on-farm
adj ustments to reduce damages. In this study we are concerned with the
devel opment of a nethodol ogy focused on water pollution problens of types
A-2 and B-1.

Environnental problenms of type A-1 are not amenable to an increnental -
pol i cy-change approach (i.e., on-farm adjustnent). Reasons include

1) Many synthetic organic chenicals behave largely in an unknown
fashion in nature; their persistence and transport through
food chains and degradation patterns are often not well under-
st ood.

2) The risks involved with biocides and toxics may be |arge and
are uncertain; they involve generations to come as well as
all persons now |iving. Unintended consequences i npact
ot her crops, fields, times, and popul ations.

3) The variety of chenicals nmakes screening of each for safety
difficult. To prove a chemical safe often requires years
of testing.

4) Danmmge is apparently at least linearly related to dose.

Taking these characteristics of biocides and toxics into consideration, it
can be argued that the best approach to their control is one which exam nes
the broad questions of use, quantity used, exposure, potential adverse col-
| ateral consequences, etc., over tine and asks if the risks are worth the
econom ¢ costs of doing wthout

Met hods of evaluating the environnental and soci o-econonic inpacts of
agricultural practices should exhibit the follow ng characteristics.

1) Conpatibility between data 4) Ease of understanding and
availabilities and requirenents communi cati ons
2) Robustness against a w de range 5) Usefulness at the appropriate
of alternative agricultural futures pl anning | eve
3) Capability of evaluating mgjor 6) Applicability to the ful
pol i cy options range of on-farm adaptive
opti ons.

Based on these characteristics, the focus of this study is on farm
deci si on-naki ng (where crop and technol ogy are decided) and on aggregation
of the individual decisions to a regional |evel,rather than on nodel ed
regi onal |evel decision-making where these decisions are not nade (but often
wi shed) .



METHODOLOGY DEVELCPMENT

Figure 1 is a flow chart of the proposed nethodol ogy and provides a
framework for identifying the analytic techniques enployed and the data in-
puts required. It shows 1) the farm nodel, which accepts alternative agri-
cultural practices available to the farmer as exogenous inputs and determ nes
the net revenues resulting fromeach alternative; 2) the water quality npdel
whi ch anal yzes the water quality inpacts of the selected agricultural prac-
tices and which is conposed of (a) a watershed nodel that describes the
pol lutants generated by the farmng practices and their inpact on river water
quality and evaluates soil loss, and (b) an inmpoundment nodel that eval uates
the inpoundnent water quality effects of the watershed pollutants; and 3)

a qualitative approach for the assessment of the socio-economc inpacts of
wat er quality changes on downstream users. Each of these is described in
nore detail below and in the followi ng sections. As Figure 1 indicates, the
net hodol ogy is designed to facilitate the conparison of alternative agricul-
tural practices for the purpose of identyfing and eval uating best managenent

practices (BWM's).

Figure | a shows how t he net hodol ogy may be applied to eval uate govern-
nment nonpoint source pollution control policies and the effects of alterna-
tive agricultural futures. The control policies and alternative futures are
inputs to the methodol ogy. Exanples illustrating the use of the nethodol ogy
for these purposes wll be discussed bel ow.

Use of the Illustrative Exanple

After conpleting the literature review for this study, it appeared to
us that the nost effective way to approach the determnination of the feasi-
bility of devel oping a nethodol ogy would be to work through an illustrative
exanpl e. The exanple would allow an assessment of the logic and conpl et eness
of the methodol ogy as well as of the requirements for applying the nethodol ogy
in a planning context. In order to nininize required field work and maxin ze
data available for the exanple presented in this report, we sought a well-
studied, agricultural watershed with a downstream i npoundnment. The latter
was considered necessary for an adequate exanple of an assessnent of water
quality inpacts in both flowi ng and inpounded waters. W were unable to
find a locality neeting all these requirenments; therefore, to inplenent the
illustrative exanple, we used the Black Creek watershed in northeastern
Indiana (a U 'S. EPA, USDA denpbnstration project) and synthesized a downstream
i npoundnent with characteristics typical of those found in the Corn Belt.
Data frominpoundnments in this region were obtained fromthe EPA's Nationa
Eut rophi cation Survey and other sources that permtted regional calibration
of the inmpoundment water quality nodels. The work done on the Black Creek
wat ershed (see Black Creek Study, Final Report, Cctober 1977) provided a good
source for sone of the economic, soils, and water quality data needed for
calibration and illustrative application of the nethodol ogy.

Agricultural Future Scenarios

The eval uation of environmental control policies for the future requires
anal ysis against a predicted structure of agriculture. The farmer's decisions
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nmust be anal yzed agai nst assunptions regarding the forces driving the agri-
cultural system

Wthout attenpting to give a conplete list of current trends in nodern
U S agriculture that have led to the current level of water pollution from
agriculture, we present sone of the nore inportant ones. Because these forces
are affected by government policies and because they affect nonpoint source
pollution, it is inmportant to include consideration of such trends in a
quantitative framework such as the one proposed here. Sone of these broad
national trends can be characterized as foll ows:

1) tendency toward larger farm units

2) tendency toward absentee ownership (including corporate
ownership and land specul ation);

3) reduction of direct labor inputs because of rising wages,
the growth in organized farmlabor, and farmcapita
intensification;

4) large capital investnents in nmachinery manufactured by a
few firns;

5 a high degree of narket uncertainty because of internationa
market integration,in addition to weather and other natura
phenomena;

6) enphasis on high yield, single crop farmng (intensive nono-
culture);

7) increasing utilization of synthetic chem cal and nonrenewabl e
energy use;

8) tendency toward non-integration of |ivestock rearing acti-
vities, with feed production separated from feedlots;

9) difficulty of new farmer access to farmng and of old
farmer adjustnents to new conditions because of [arge
capital stock represented by land, animals, and machinery;

10) concentration of crop marketing and crop distribution
activities in fewer and larger firms, including vertica
integration fromfarmto retail store;

11) large federal subsidies to agriculture through irrigation
power, flood control, price supports, and research/ devel op-
ment extension; and

12) enphasis on product appearance, ease of mechanical handling,
and storability.

Al t hough nost of these trends have led to environmental inpairment, this
is not to argue that the destructive environmental consequences of U S farm
ing result solely fromthem The destruction of the fragile topsoil of
nort hern New Engl and nore than 150 years ago and the great dust bow s of this
century have had long lasting effects. Nor can one conclude fromthese trends
that their attendant social costs necessarily outweigh the benefits



associated with increased food production. The point here is that nany
national policies and future economic factors influence the range of agri-
cultural practices that will be considered by farners and hence influence
nonpoi nt source pollution from agriculture. Because of tinme and resources,
we have done little on this aspect of nethodol ogy devel opment, and this
represents a serious limtation of this study. However, because of the
uncertainties in the future of agriculture and in order for the methodol ogy
to be flexible and operational, it will be necessary in subsequent work to
eval uate agricultural practices across a broad range of alternative futures.
One such future is continuation of the above trends towards a highly concen-
trated food/fiber production system Sone believe that such a future, if
achieved, would be unstable. In Section 6 we discuss briefly other possible
future settings derived from past nodifications and extrapol ation of current
trends and forces that would influence the environmental inpacts from agri-

culture

Agricultural Practices and Farm Budgets

As the first step inthis feasibility study, a farm budget is devel oped
that assunmes the current agricultural structure. A set of agricultural prac-
tices representative of the options available to a farmer in a particular
wat ershed is selected. In the exanple presented in this report, 11 practices
(plus two nodifications) are selected, and farm budgets are devel oped for a
uni form farm of 250 acres on each of the three predonminant soils in the Black
Creek watershed. Timng of operations and agricultural practices such as
livestock integration and organic farmng that are inportant for both farm
revenues and environnental inpacts were not considered because of a |ack of
avai |l abl e data and the limted scope of this study.

Water Quality Inpacts of Agricultural Practices

To judge the water quality effects of the agricultural practices, the
water quality inpacts of each practice/soil combination are analyzed as the sec-
ond step in this exanple. Watershed and water quality analysis is based on the
assunption of honpbgeneity of the watershed reflected in the farmlevel analysis.
This is,of course, illustrative at this prelinmnary state of methodol ogy
devel opnent. Later use of this nethod would involve evaluation of the aggre-
gate econonic and environnental inpacts in a heterogeneous watershed. Thus
in assessing agricultural practices, a watershed is assuned to be conprised
of a number of fields of equal characteristics. This provides a rough
nmeasure of the unit emissions and water quality inpacts -- inpacts of a
given field/soil typel/agricultural practice conbination as desired in the
assessnent of the inpact of agricultural practices. A nmore realistic eval ua-
tion of these practices on a heterogeneous watershed (soils, slopes, farm
sizes, and other characteristics) is the next step in the devel opment of a
usuabl e net hodol ogy now that this exanple of how to proceed with the anal ysis
of the economic and environmental inmpacts of various agricultural practices
on a honmbgeneous wat ershed has proven feasible.

This evaluation is designed for assessnments of |ong-term average water -
shed responses and water quality inpacts. In this analysis the follow ng
water quality paranmeters are considered.

7



1) inpoundment sedinentation (kg/m?-yr),
a nmeasure of the ampbunt of sedinent deposited on the bottom
of the inpoundnent per year and thus of the inpoundnent's
useful lifetine;

2) inpoundment sedinment outflow concentration (kg/m3),
a neasure of the ampbunt of sediment suspended in waters
withdrawn from the inpoundment;

3) river and inpoundnent nitrogen concentrations (g/m3),
an indication of nitrate levels in the waters;

4) river light extinction coefficient (m~1),
a neasure of the resistance to light penetration in the
river due to turbidity and color;

5) impoundment |ight extinction coefficient (m™!),
a nmeasure of the resistance to |light penetration in
the surface waters of the inpoundment due to turbidity,
color, and algal growh;

6) i npoundnent bionass (g chi-a/m3),
a neasure of the concentration of suspended algae in the
surface waters of the inpoundnent during the sumrers and
thus a measure of the degree of eutrophication.

For each practice,the watershed nodels predict average |oadings of sedinent
(sand, silt, and clay fractions), nitrogen, phosphorus, and color as functions
of field/soil characteristics. Transport of water quality conponents from
the watershed is represented in two phases (dissolved and sedinent-bound)

and in two streans (surface runoff and sub-surface drainage). The water
quality nodels estimate the inpact of these |oadings on the average concen-
trations of the respective conmponents in the downstreamriver and i npound-
nents. |nmpoundment water quality response is also assessed with regard to
nmean summer transparency and chlorophyll-a concentration, which are inportant
i ndi ces of eutrophication. Wiile water quality inmpacts are traditionally
assessed with regard to effects of organic |oadings (DOD) on dissol ved oxygen
| evel s, such effects are usually critical for discharges of unstable organic
matter under |owflow conditions. The inpacts considered in the framework
for analysis developed for this study are nore relevant to evaluating the
water quality effects of erosion control practices than are traditiona

BOD/ DO i npact s

| mpact Assessnent and Policy Eval uation

The third step involves a conmparison of the net revenue of each of the
farm practices with the water quality impacts of each practice. Policies
that woul d i nduce those practices that are environmental |y advantageous can
then be examined. Policies considered include:

1) conservation practice subsidies or requirenents;

2) prohibition of certain cultivation practices;

3) gross soil loss restrictions;



4) gross soil loss taxes;
5) fertilizer limtations or taxes; and
6) manure/legune subsidies or restrictions.
Government policies that are not instituted specifically for environmenta

managenent purposes -- for exanple, price supports -- are regarded as sub-
sumed under definitions of alternative agricultural futures.

Soci 0- Econonic | npacts of Non-Farm Users

Finally, a qualitative description of the inpacts of different practices
on downstream users is made indicating the direction of the water quality
change in terms of a particular water use and the conflicts anmong different

users.



SECTION 2
CONCLUSI ONS

Concl usions are presented under three headings: 1) nethodol ogy;
2) inplementation of a methodology; and 3) data requirenents.

METHODOLOGY

1. The following classification appears useful in considering agro-environ-
mental probl ens:

A. Problems where human or ecosystem health is at issue:

1) those involving residuals generation and transport with an extraordi-
nary array of chenmical transformations over a wide tenporal scope and
near-linear damage functions, such as synthetic biocides and toxics;

2) those involving residuals generation and transport of a few defined
el ements and non-linear (or threshold) damage functions; such as nit-

rates.

B. Problens where major concern is wth aesthetics, recreation, or other
econom ¢ inpacts:

1) those involving residuals generation and transport, such as sedinent
and nutrients;

2) those involving long-term |and productivity, such as soil |oss;
3) those involving spatial diversity, such as nonoculture.

Environnental problens of types A-2, B-1, B-2, and B-3 are anenable to solu-
tion by incremental approaches based on on-farm adjustments to reduce danages.
This study addresses the feasibility of devel oping nmethodol ogy focused on
wat er pollution problens of types A-2 and B-1.

Environnental problems of type A1 are not anenable to an incremental
policy change approach (i.e., on-farm adjustment), the reasons being:

e Many synthetic organi ¢ chenicals behave largely in an unknown fashion
in nature; their persistence, transport through food chains, and degrada-
tion patterns are often not well-understood.

e The risks involved with biocides and toxics may be large and are uncer-
tain;, they involve generations to come as well as all persons now living.
Inpacts are on other crops, fields, times, and people than intended.

e The variety of chemicals makes screening of each for safety difficult.
To prove a chemical safe may require years of testing.
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e Damage is apparently linearly related to dose

As a result of these characteristics of biocides and toxics, it can be argued
that the best approach to their control is one that exanines the nationa
scene and asks if the risks are worth the econonmic costs of doing wthout

Anal ysis of long-lived residuals might be feasible if data to make the neces-
sary transformations were ever to become avail able.

2. Methods to evaluate the environnental and socio-economc inpacts of agri-
cultural practices should exhibit the follow ng characteristics

e Compatibility between data avail - e Ease of understanding and communi -
abilities and requirements. cating.

e Robustness against a wide range of e Usefulness at the state |evel
alternative agricultural futures e Applicability to the full range of

and agricultural practices. on-farm adaptive options.

e Capability of evaluating major
policy options.

3. To develop a useable method for policy analysis by those responsible for
evaluation and inplenmentation of BMWP's, it is necessary to focus on farm

deci sion making (where crops and technol ogy are decided) and on aggregation
of the individual decisions to a regional level, rather than on nodel ed

regi onal -1 evel decision making where decisions on practices and crops are not
made. A farm budget approach is thus the appropriate first step in a method-

ol ogy

4. A broad range of agricultural practices nust be evaluated, including |ive-
stock integration, in order to obtain a full understanding of the range of
environmental inpacts and control alternatives

5. Water quality inpacts of different farm practices on different soil types
for sedinent, nitrogen, phosphorus, and color can be conpared using the

met hodol ogy suggested in this report. It is shown that conparison of prac-
tices based on water quality conponents in some, but not all, cases leads to
results that are in the same direction (but not of the sane nagnitude) as
conparisons based sol ely upon gross soil erosion estimtes. Erosion contro
and water quality inprovement strategies are not always sinmlar. In those
cases where the water quality conponent of greatest inportance and gross soi
erosion changes are in the same direction, using soil loss as a proxy neasure-
ment for water quality can facilitate the initial evaluation of BM's.

6. The advantages of using long-termaverage tine scales for the watershed and
wat er body response nodel s include

e sinplified analysis;

e reasonabl e data requirenments facilitating use of national, regional, and
|l ocal monitoring and experinental data for nodel calibration and applica-
tion;

e a nethodol ogy*-based in part on existing, well-tested, and widely applied
model s (e.g., the Universal Soil Loss Equation)
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e flexibility and ease of inplenentation;
e response nodels that are easily understood by decision nakers;

e response nodels that are appropriate for assessment of such |ong-term
water quality problems as sedinentation and eutrophication.

Neverthel ess, use of long-termaverage tine scales precludes direct assess-
ments of

e watershed and water body responses under extrene neteorol ogic conditions;

e effects of the timng of various agricultural operations (such as incre-
mental application of fertilizer);

e seasonal variations in water quality induced by normal seasonal varia-
tions in watershed | oadings, which may be particularly inportant in
rivers and inpoundnents with relatively short hydraulic residence tines;

e analysis of the transport and fate of relatively short-lived conpounds.

Modi fication of the methodology to pernit assessnents of average seasonal res-
ponses would be feasible without |osing many of the above-listed advantages of
a long-termaverage approach. This is because the USLE and the SCS curve
nunber nodels, which form partial bases for the assessnment, can be applied to
predi ct seasonal responses.

7. It appears feasible to develop an analytical framework for the evaluation
of alternative agricultural practices in terms of farm econom cs and water
quality inpacts. The exanple provided in this report illustrates an eval ua-
tion of a honmbgeneous watershed. This study does not include a general appli-
cation of mixed farm operations on heterogeneous watersheds. It has not
proven feasible to integrate estimation of the socio-economc inpacts of
downstream water quality changes (i.e., externalities) into the franework. A
qualitative presentation of the downstream inpacts is possible. This presen-
tation provides some insight into the possible upstream downstream conflicts.

8. The literature does not include any exanples of theoretically valid bene-
fit estimation nethodologies that are directly applicable to the agricultura
non- poi nt source pollution problem A nunber of studies discussed in the
report provide exanples of a benefit evaluation that could be applied. But
such a study would require extensive collection of primary data and woul d
therefore be expensive to inplement.

9. At present the nethod does not take into account planting tinme, the timng
of fertilizer and biocide applications, or harvesting tine, all of which are
inmportant in that they affect both farm revenues and the water quality inpacts
of different practices.

10. The nethodol ogy can be used to eval uate agricultural practices against
sone of the future conditions (e.g., higher energy prices) that might prevail.
It is inportant to evaluate alternative practices and policies in |ight of
alternative future scenarios that are depicted as market product price
changes, unit production factors, or other changes.

12



| MPLEMENTATI ON' COVPUTATI ON

1. The farm budget analysis needs to be automated. This would allow inclusion
of nore farmpractices in the evaluation and testing for sensitivity to the

timng of farming activities.

2. An LP nodel would be useful in assisting in the evaluation of policies,
once the watershed and water quality nodels have been refined

3. The conputations involved in performng the water quality analysis are
relatively sinple and straightforward. They can be easily performed with the
aid of a hand calculator or an inexpensive conputer program Sensitivity and
error analyses are facilitated by the latter.

[ NPUT DATA REQUI REMENTS

1. The relatively sinple nethodol ogy devel oped to assess water quality

i mpacts has been shown to allow use of national, regional, and l|ocal data
sources for calibration purposes. Mst of the paraneter estimates describing
fundanental processes in the watershed and water body would be expected to be
valid at least on a regional basis. The types of localized (e.g., field or
soil-specific) data required to inmplement the nodel are frequently available.

2. Aprelimnary survey of data availability and the results of sensitivity
anal yses indicate that inmproved estimates of the relative inpacts of these
agricultural practices could be obtained through nore accurate specifications
of the paraneter estimates and/or functional forms used to represent the
follow ng relationships or processes in the watershed/ water body response

nodel s

a. sedinent delivery, as related to drainage basin characteristics and
sedi ment texture.

b. sediment texture, as related to soil texture and erosion rate

¢. phosphorus trapping in inpoundnents, as related to sedi mentation and
hydr ol ogi ¢/ mor phoretric characteristics;

d. the origins and dynanics of dissolved color in watersheds and water
bodi es;

e. the leaching of dissolved phosphorus from surface crop residues during
snownelt (this is particularly inportant for assessments of reduced til-
| age alternatives);

f. seasonal variations in suspended solids and color concentrations in
i mpoundnents;

turbidity and light extinction in rivers and inpoundnents, as related to
suspended solids, color, and algal concentrations;

h. enrichnent of surface soils in phosphorus and organic matter as a func-
tion of tillage practice;

13



i. denitrification in soils, as related to net or total nitrogen input
rates and soil characteristics.

Sone of the needs may be satisfied by a nore exhaustive search of the litera-
ture and other data sources; others may require initiation of additional noni-
toring and/or experimental work.

3. Data for the farm budget are largely available for conventional farm prac-
tices, but nust be collected on a watershed by watershed basis; sone of the
data, such as yield response to fertilizer and biocide application and equi p-
ment costs for varying farmsizes, are difficult to obtain and/or derive
Data for a broader set of agricultural practices that include differing farm
and equi pment sizes and livestock integration that can have significant
impacts on water quality are difficult to obtain.

4. Data for benefit evaluation are scarce (or do not exist), preventing reli-
able estimation of a relationship between water quality paranmeters and val ue
measur enent s.

5. More data and analysis are required to provide a basis for interpreting the
chl orophyll-a predictions with regard to the possible harnful effects of

i ncreased eutrophication versus the possible beneficial effects of increased
fish production. Devel opment and integration of a nobdel for predicting

i mpoundnent di ssol ved oxygen | evels as a function of external and interna
sources of oxygen demand woul d be hel pful.
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SECTION 3

RECOMMVENDATI ONS

1. Expand the nunber of agricultural practices evaluated to include, for
exanple, variations in fertilizer applications, timng of farmng activities
and |ivestock integration, and develop a classification scheme for the aggre-
gation of farms within a watershed. These inprovenments woul d describe the
wat ershed in nmore operational (i.e., realistic) terns and therefore provide
greater utility for evaluating alternative BMPs.

2. Expand the types of policies considered and eval uate the sensitivity of
farmnet incomes to policy factors such as the amount of tax or |evel of sub-

sidy.

3. Expand the number and types of alternative future scenarios considered to
i ncl ude:
a. market product price changes;

b. labor/energy cost changes; and
c. product demand shifts.

4. The water quality assessnent should include

a. Modification of the water quality nmodels to permt the assessment of
seasonal - average wat ershed and water body responses with regard to al
qual ity conponents; transport and fate of relatively stable, toxic com
pounds, including heavy metal s and bioci de residues; dissolved oxygen
responses in stratified i npoundnents; and various instreamalternatives
for controlling the inpacts of agriculture on water quality, including
anong ot her things, sedimentation basins, artificial mxing, and reser-
voir operating policies.

b. Additional sensitivity and error analyses to identify critical data
needs within the water quality nodel franework.

c. A conprehensive search for additional data to satisfy these needs and
to identify processes requiring additional monitoring and/or experi-
mental investigation.

d. Enpirical research to further devel op data collection nmethods for esti-

mating one or nore of the benefit categories, including human health,
recreation, or aesthetics benefits as related to physical water quality

nmeasur enents.
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5. Investigate the application of methodol ogies (such as Paretian anal ysis)

to a qualitative or non-nmonetary eval uation of the inpacts of agricultura
policies affecting water quality in the context of conflicts anong interest

groups.
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SECTION 4
DEVELOPMENT OF A FARM MODEL

Whil e maj or market and regul atory pressures -- such as prices, taxes,
subsi di es, government regulations -- are exerted at a regional or national
level, it is the farner who responds by choosing his crops and met hods of

farm ng. For this reason the nethodol ogy starts with a farm budget.

W assunme the farmer desires to neximze net revenues fromthe agri-
cultural use of his land subject to judgmental constraints that restrict his
willingness to inplement drastic changes that inply unusually high risks.
The farm nodel does not, for exanple, depict net revenue if the farmer has
i ncone- produci ng ventures other than his agricultural operations or if, for
exanpl e, he shifts fromrow and field crops to feed |lot operations. The
farmer chooses a set of agricultural practices that include:

1) crop rotation;

2) tillage practices;

3) structural erosion and drainage control practices;
4) levels of chemical application.

These choices are represented as inputs to the farmnodel for the calcul a-
tion of a variety of costs associated with operating the farmin the speci-
fied manner. This required devel oping a data base for the nodel. The
procedure set forth by Dr. Klaus Alt (See Appendix C, EPA 1976) was used.!l
Each el enent of cost was updated for 1977 prices and nodified where neces-
sary to adapt the nodel for the Black Creek area.2 The changes were based
on published data for Black Creek and the State of Indiana, opinions of farm
experts in the Black Creek area and at several universities, and information

obtai ned from farm equi prent deal ers.

lseveral farm nodels are available (e.g., the Purdue Crop Budget). The Alt
nodel was sel ected because it is likely that Appendix Cwll receive w de-
spread use by agencies involved in the devel opnent of BW's. Dr. At was
most hel pful in discussing the adjustment of his nodel.

2711 estimates for the farm nodel as adapted to Black Creek and the sources
of information used in that process are presented in Appendix A of this re-
port (unattached, available from EPA). Al details associated with the farm
practices, such as types and quantities of fertilizers and biocides, size
and usage of farminplenents, including customhiring and grain drying pro-
cedures, are also contained in Appendix A (Farm Model).

17



Additional inputs to the nodel specify expected yields and narket prices for
each crop. Net revenue is then calculated as foll ows:

c=n
Net Revenue = Z YA -C
&= ccc

wher e YC = yield per acre of crop ¢
PC = price per unit yield for crop c
At = nunmber of acres producing crop ¢
n = nunber of crops grown in rotation
C = cost associated with specified farmpractice

Table 1 identifies major categories of cost and revenue data incorporated in
the model .

El even farm practices available to farners in the case study area were
sel ected. These are identified and described in Table 2. Two of the farm
practices for growi ng corn, soybeans, wheat, and hay in rotation were ex-
panded. This was done to include the option available to the farmer of cus-
tom hiring for planting wheat and nmeadow and harvesting hay. The custom
hiring alternative was included because it seems unrealistic that a farner
adopting the farmcrop rotation pattern would purchase all the specialized
equi pnent needed for each crop.

Each practice was evaluated on three soil types characteristic of the
Bl ack Creek case study area. These are terned upland, ridge, and | ow and
soils. Different levels of chenical treatment and seeding are associated
with each soil, and crop yields vary. The definitions of the farm practices
and variations associated with soil type were devel oped by Meta Systens in
consultation with farmexperts involved in the Black Creek project at Purdue
Uni versity.

Because of the limtation of |ong-termaverages in the water quality
anal ysis, considerations of timng of agricultural operations such as plant-
ing and harvesting were not included. Wile the farm budget nodel, as pre-
sented here, captures the major elements inportant for assessing the economc
i mpacts of alternative nonpoint source pollution control policies on the
farmer, further nodifications woul d be necessary before it could be used
effectively in a planning context. Mst inportantly, the nodel should be
aut omat ed, perhaps enpl oying a revenue-maxim zing |inear progranm ng nodel
for policy analysis. This would pernmit explicit consideration of the timng
of farm operations and other factors, and sensitivity anal yses would be easy
to perform Several automated nodels, such as the Purdue Crop Budget, are
avail able and might be adapted to this use. Nevertheless, we caution that
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TABLE 1: FARM MODEL: ELENMENTS OF COST AND REVENUE

Cost s Revenues

Terraci ng Corn

- Construction -Yield

- Mai nt enance -Price

Machi nery Soybeans

-Fi xed Cost -Yield

- Mai nt enance -Price

Tract or Wheat

-Fi xed Cost -Yield

- Mai nt enance and Repair -Price

Fuel Hay

-Tractor -Yield

- Conbi ne -Price

Seed

-Corn

- Soybeans

- Wheat

- Meadow

Fertilizer

-Ni trogen

- Phosphor us

- Pot assi um

- Equi prent  Rent al

Bi oci des

- Her bi ci des

-l nsectici des

Labor

-Direct Labor

- Over head

Ot her Costs

-Grain Drying

-Interest on Operating Capital
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TABLE 2: MAJOR FEATURES OF A SELECTED SET OF FARM PRACTI CES
N THE BLACK CREEK AREA

Soi | Abbr evi at ed
Crops Tillage Practice Conservation Designation
Practice of Farm
Practice
Continuous Corn (CC) Conventional tillage, Wi t hout CC- cv
fall turn plow (CV) terracing
Continuous Corn (CC) Conventional tillage, With CC CvT
fall turn plow (CV) terracing
Continuous Corn (CC) Fall shred stalks, W t hout
chisel plow, spring terracing CC-CH
di sk (CH)
Continuous Corn (CC) Fall shred stalKks, with
chi sel plow, spring terracing (T) CC- CHT
di sk (CH)
Continuous Corn (CC) Fall shred, no till Wi t hout
pl anting (NT) terracing CC- NT
Cor n- Soybean Conventional tillage, W t hout
Rotation (CB) fall turn plow (CV) terracing CB-Ccv
Cor n- Soybean Fal | shred, chisel Wi t hout
Rot ati on (CB) pl ow, spring disk (CH) terracing CB- CH
Cor n- Soybean Fall shred, no-till Wi t hout
Rot ati on (CB) pl anting (NT) terracing CB- NT
Cor n- Soybean Fall shred, no-till with
Rot ation (CB) pl anting (NT) terracing (T) CB-NTT
Cor n- Soybean- Weat - Conventional tillage
Hay Rotation (CBWH) fall turn plow for corn; Wi t hout CBWH*
no-till planting for terracing CBWH
soybean, wheat, hay
Cor n- Soybean- Weat - Fal | shred stal ks, no-
Hay Rotation (CBWH) till planting for all Wi t hout CBWH* - NT
crops, increased use of terracing CBWH NT

her bi ci des (NT)

Note: Entry in parentheses used where needed to distinguish specific conpo-

nent of farm practice.

*indi cates farmer-owned equi pnent for wheat and neadow planting and for hay

nmowi ng, raking, and baling,
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near optinmum sol utions always be examined with respect to inportant factors
that may not be incorporated in such a nodel

In applying the farm nodel three fictitious 250-acre farms representative
of conditions in the Black Creek area of Northeast |ndiana are considered.
One farmis on the uplands soil, one on ridge soil, and one on | ow ands soi
(the properties of these soils are described in Section 3). Table 3 shows
the revenues and costs for each of these farns,assum ng uniform adoption of
one of the eleven farmpractices in the Black Creek area and existing govern-
ment policies in effect. H ghest revenue is achieved with the corn, soybean
cropping pattern and chisel plowing on all three farms. The revenue from the
corn-soybean rotation with conventional tillage is, however, alnost as high
(Within two percent). These and other results fromthe farm nodel are dis-
cussed in Section 6.

The purpose of constructing a farmnodel is to evaluate agricultura
practices under consideration as Best Managenment Practices for the inpacts on
farmincone, water pollution |oading, and water quality; Together with the
proposed government policies designed to encourage these practices, the farm
and water quality nodels should be able to incorporate consideration of at
| east the follow ng policies:

1) conservation practice subsidies or requirenents;

2) prohibition of certain cultivation practices
3) gross soil loss restriction;

4) gross soil loss taxes;

5) fertilizer linmtations or taxes; and

6) manure/legume subsidies or restrictions.

I nvestigation of such policies is carried out by 1) nodifying the appro-
priate cost or revenue factors in the farm nodel and reconputing the net
revenues; 2) estimating changes in soil erosion and other water quality im
pacting paranmeters; and 3) jointly evaluating the inpacts on farm revenues
and water quality. The use of the farm model in this kind of evaluation is
illustrated in Section 6.

In addition to evaluating governnent policies for pollution control, the
farm nodel can be used to assess future conditions that may have an inpact on
the farmer. Alternative futures can be postulated for government policies
that are not formulated specifically for purposes of environmental nanagenent,
such as price subsidies, Aternative futures mght depict changes in econo-
mc conditions, such as increasing prices for energy that affect prices of
fuel used on the farmand purchased farminputs of fertilizer and biocides.
These changes could alter the farmer's choice of crops, tillage practice
chemi cal application and hence induce different inpacts on water quality. An
exanmpl e of this application of the farmnodel is also presented in Section 6.
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TABLE 3: SUMMARY OF FARM MODEL OUTPUT -- 1977 COLLARS, IN THOUSANDS
(UNDER EXISTING GOVERNMENT POLICIES)

FARM
PRACTICE TILLAGE PRACTICES ROTATIONS TERRACES
CORN, CORN, CORN,
CORN, SOYBEAN, | CORN SOYBEAN, CORN, SOY- CORN, SOY-
CONVEN- | CORN, CONVEN- | SOYBEAN, | CORN WHEAT, HAY BEAN, WHEAT CONVEN- | CORN, BEAN,
TIONAL | CHISEL | CORN, TIONAL CHISEL SOYBEAN, | PARTIAL USE HAY, TIONAL CHISEL NO-
REVENUE TILLAGE | PLOW [NO-TILL| TILLAGE | PLOW NO-TILL | OF HERBICIDES NO-TILL TILLAGE | PLOW TILL
AND COST (cc-cv) | (CC-CH) | (CC-NT) | (cB-Ccv) | (CB-CH) (CB-NT) | (CBWH?) |(CBWH) |(CBWH*-NT) | (CBWH-NT) | (CC-CVT)| (CC-CHT)| (CB-NTT)
GROSS
REVENUE
A. UPLAND
SOIL 52.5 52.5 | 49.9 46.3 46.3 44.4 43.0 |43.0 43.0 43.0 56.0 56.0 47.4
B. RIDGE
SOIL 65.0 65.0/65.0 59.1 59.1 57.9 51.8 |51.8 51.8 51.8 68.5 68.5 60.9
C. LOWLAND
SOIL 65.0 65.0 | 52.0 59.1 59.1 50.7 49.9 |49.9 49.9 49.0 68.5 68.5 53.7
COSTS
A. UPLAND
SOIL 39.7 39.1 | 43.0 32.9 32.6 32.3 34.4 |30.6 34.2 30.3 46.4 45.8 39.9
B. RIDGE
SOIL 43.4 40.9 | 44.9 33.3 33.1 32.7 34.7 |31.0 34.4 30.7 43.2 47.6 39.3
C. LOWLAND
SOIL 42.7 42.1 | 45.5 34.8 34.5 34.1 35.4 |31.7 35.1 31.4 49.4 48.9 40.7
NET
RETURN
A. UPLAND
SOoIL 12.8 13.4 6.9 13.5 13.7 12.2 8.5 [12.4 8.8 12.8 9.6 10.2 8.6
B. RIDGE
SOIL 23.6 24.1]20.1 25.8 26.1 25.1 17.4 | 20.8 17.4 21.1 20.3 20.9 21.5
C. LOWLAND
SOIL 22.3 22.9 6.5 24.4 24.6 16.6 14.5 | 18.1 13.9 17.6 19.1 19.6 13.0

NOTE : COLUMNS MAY NOT ADD DUE TO ROUNDING.

*INDICATES CUSTOM HIRING



SECTION 5
WATER QUALITY | MPACT ANALYSI S

| NTRODUCTI ON

The next step in the nethodol ogy involves devel opment and use of mathe-
matical models to provide quantitative means of estimating the water quality
i mpacts of agricultural practices. The devel opment of these nbdels is de-
scribed in detail in unattached Appendices B, C, and D of this report. The
nodel s have been calibrated and applied to assess the changes in water qual-
ity resulting frominplenentation of 11 farm practices described in Section 4
on each of three field/soil types.

Figure 2 depicts the separation of the water quality analysis into two
maj or sections:

1) the watershed, or runoff nodel, which is characterized as generat-
ing different |oadings of pollutants depending on agricultura
activities and watershed characteristics.

2) the inmpoundment, where water quality is dependent upon the type
and quantity of |oadings fromthe watershed and upon i nmpoundment
characteristics.

In this schene the river is represented as a nediumfor transporting the pol -
lutant |oadings fromthe watershed to the inpoundment. \Water quality condi-
tions in the river reflect these | oadings, which enter the river in surface
runof f and groundwater base flow and are transported in dissolved and sedi-
nment - bound phases. River water quality is estinmated at the point of entry
into the inmpoundnent. Pollutant |osses in overland flow and river transport

are aggregated.

The water quality inpact analysis includes the follow ng conponents that
may influence the suitability of waters for beneficial uses:

1) sedinment (suspended solids, turbidity);

N

phosphor us;

B w

)

)

) nitrogen;
) dissolved color;
)

transparency (as influenced by turbidity, color, and al ga
growt h);

6) algal growth (as neasured by chlorophyll-a concentration).

(63}
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Di ssol ved oxygen, biocide residues, and biocides are additional water quality
conponents relevant to the analysis of water quality inmpacts of agricultura
practices that have not been included in the franmework. The nodel framework
coul d be adapted to consider dissolved oxygen in stratified inmpoundments as

i nfluenced by external and internal (photosynthetic) organic matter | oadings.
Wiile it is not feasible at this time to nodel effectively the behavior of
relatively short-lived biocides in the type of framework devel oped here, con-
sideration of relatively stable biocides and bioci de residues nay be possible
if and when basic data are available. This possible nmodification is left for
future work.

The nodel franmework described bel ow should not be viewed as a static or
final form but as a prelinmnary and evolving one. Application of sensitivity
and error analysis techniques to the framework will serve to guide future
efforts at refining the methodol ogy. Such efforts would include:

1) obtaining and analyzing addi- 4) considering different tine scales
tional data for parameter for averaging; and
estimation; 5) considering additional conponents.
2) nodifying several functiona
f or ns;

3) including additional inter-
actions or nechani sns;

It is apparent that a variety of approaches could be taken in mdeling the
behavi or of the water quality conponents in watersheds, rivers, and inpound-
ments. Prior to describing the specifics of our approach, it would be appro-
priate to discuss briefly the factors that were considered in selecting or
formul ating the nodels.

BASI S OF MCODELI NG APPROACH

In selecting a nodeling approach to the physical |and-water interface
factors related to both defining the overall project goal and performing the
particular analysis have to be considered. Wthout entering a |engthy dis-
cussion, we would like to briefly docunment our approach to the nodel selec-

tion process.

Two points that inpact the selection of nodels are related to the pro-
jects's goals.

e Applying nodels in a policy-making context requires availability
of flexible and operational nodels. Quick conmputation and
reconputation of the inpacts of alternative settings (i.e.
scenari o/ policy/practice mx) can only be acconplished if a | ow
cost operational tool is available whose input requirements are
l'inmted.

e Gven the goals of inproving/devel oping a nethodol ogy for eval uat-
i ng managenent practices in terns of water quality inpact, it is
necessary to include all the processes and paranmeters of the
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land/water interface related to different farm practices and esti-
mati on of those water quality conponents relevant to existing and
anticipated future standards or criteria

The prem se of our approach is that no single nodel can adequately cap-
ture the land/water interface (Meta Systenms, 1976): aspects of the interface
have to be nodel ed separately, and the nodel s have to be linked up in a hono-
| ogous way. Literature exists on problenms encountered in devel opi ng nodel s,
['i nki ng nodel s describing various processes, and maki ng use of various data
bases originally not coordinated for the same purpose. It is therefore inpor-
tant to select, develop, or nmodify nmobdels in such a way that they are conpat-
ible with one another. Meta Systens (1976) has el aborated factors rel evant
to evaluating the appropriateness of nodels for their inclusion in |inkages
of nobdels. These range fromjustifications of models in terms of the robust-
ness of their quantitative depictions of physical processes to the ease of
directly connecting nmodels. W feel that the following factors have parti-
cular inportance for this study.

e Conmpl ex simulation prograns whose application and execution re-
quire extensive resources (conputers, data, manpower, etc.)
usually are not suitable for policy analyses that require a
| arge amount of separate applications. Should a study demand
predictions of "short-term conditions, such as runoff and wash-
of f, because of single precipitation events, then it is clear
that these types of nmpbdels would be necessary.

e Conmplicated nmodels often do not result in reliable and usefu
results, considering the difficulties and expense involved in
1) estimating parameters; 2) providing boundary conditions
3) testing.

e Wile "conplicated" nodels may provide more "handl es" for policy
evaluation and permt substitution of fundamental theory for |ack
of enpirical data, the theory in this area is rather primtive
implying that the value of these nodels is still somewhat |ow.

e Interpretations of short-term event-based sinulations are nore
difficult because they require an arbitrary event definition.

e Gven available sources of national and regional data (EPA/ NES
USDA, etc.), we find it desirable to make as nuch use as pos-
sible of these data in addition to possible local data sources
(generally limted) (Walker, 1977; Reckhow, 1977, Meta Systens, 1976).

To test the feasibility of a framework for econom ¢/ physical analysis of
agricultural practices, it was necessary to start with a relatively sinple
nmet hodol ogy that yields Iong-termor seasonal average results; otherw se, the
probl ens associated with conplicated nodels woul d doni nate the anal ysis and
detract fromthe najor task. Qur conclusions on feasibility rest on this
sinmpl e approach. W feel that given currently available data and know edge
of the relevant physical processes, a framework built from conpl ex nodel s
woul d not be feasible or useful in a planning context.
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METHODS FOR PREDI CTI NG WATERSHED EMISSIONS !

The net hods devel oped to assess the inmpacts of agricultural practices on
nonpoi nt pol lutant |oadings are of an enpirical nature and are concerned with
| ong-term average enmissions, in the spirit of the Universal Soil Loss Equa-
tion (Wschneier and Smth, 1972). Average export rates of the follow ng
substances are evaluated in surface runoff and in subsurface drainage:

1) Sedinment (sand, silt, and clay 3) Dissolved nitrogen; and

fractions); 4) Dissolved color.

2) Phosphorus (NHzF/HC1) extractable
particulate and soluble);

The conputed concentrations of these conponents are assuned to be representa-
tive of average water quality conditions in rivers draining the agricultural
wat ershed. This part of the nmethodology is appropriate for linking with
downst ream nodel s for the purpose of evaluating quality inpacts in inmpounded
wat ers.

Wat ershed emi ssions or | oadings are conmputed as functions of the foll ow
ing characteristics:

1) Surface Soil Properties

Erodibility (K factor in USLE, Wschneier and Smth, 1972)

Texture (sand, silt, and clay content)

Hydrol ogi ¢ Soil Goup (SCS/USDA, 1971)

NH.F/HCL extractabl e phosphorus content (in each texture class

Phosphorus distribution coefficient (g extractable P/Kg soil)/
(g dissolved p/m® soil solution)

f. Organic matter content (in each texture class)

2) Watershed/Field Properties

®ao0 o

Sl ope

Sl ope |l ength

Surface area

Total flow (runoff and drainage)
Rainfall erosivity (R factor in USLE)

Paecop

3) Agricultural Practices

a. Cropping factor (C in USLE)

Practice factor (P in USLE)

Ni trogen and Phosphorus fertilization rates
Tillage depth

Crop residue managenent

2oz

@

Pat hways involved in the watershed nodel are depicted in Figure 3. A brief
summary of the essential features of this franework is given bel ow

lsee Appendix B.
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WATERSHED AVERAGE RIVER
CHARACTERISTICS TRANSPORT RATES WATER QUALITY
AND COMPONENT
Field Characteristics / Sediment LOADINGS
Soit Characteristics Runoff Sediment
Climate Percolation Phosphorus
Morphometry Nitrogen
Agricuitral TRANSPORT MEDIA Color
oc COMPOSITION
Crop Yields Sediment
Runoff
Percolation
Nitrogen Budget

FI GURE 3: PATHWAYS | N THE WATERSHED ANALYSI S

G oss erosion estinmates are based upon the Universal Soil Loss Equation
(USLE), which has been developed by the USDA for use in the soil conserva-
tion area. To make the equation nore useful as a tool for evaluating water
quality inpacts, explicit consideration is given to sedinent texture varia-
tions. Since the finer fractions of soil generally have higher surface
areas per unit mass, they have higher adsorption capacities for various
water quality components. By separately considering the clay, silt, and sand
fractions in surface soil and eroded sedinent, differences in the behavior
and transport of these size fractions and their adsorbed pollutants are ex-
plicitly represented, both in the watershed and in the inpoundnent systens.
Applying a separate delivery ratio for each texture class pernits estimation
of sedinent and adsorbed pollutant transport to the inpoundnent.

In each texture class the phosphorus and organic matter contents of
sediment particles are assuned to equal those in the corresponding size
fraction of surface soil. Because of shallower mxing depths, reduced til-
| age methods can cause enrichnment of surface soils in nutrients and organic
matter. These dependencies are explicitly considered in the nmodel framework.
Extractabl e phosphorus contents of the clay, silt, and sand fractions are
conputed as functions of the respective background levels, fertilization
rates, and tillage depths. Simlarly, organic matter contents are conputed
from background | evels, crop residue additions, and tillage depths. The
comput ed conpositions and delivery rates of sedinment in the various size
fractions are used to estinmate the sedinent-bound |oadings of these conpo-
nents.

Flow from the watershed consists of two conponents: surface runoff and
subsurface drainage. The sumof the two is assumed to be independent of soi
type or agricultural practice. This is essentially equivalent to assum ng
that average evapotranspiration rates are independent of these factors.
Surface runoff is estimted based upon region, Hydrologic Soil Goup (SCS
USDA, 1971), and farm practice using nethodol ogy devel oped by Wol hi ser

28



(1976, al so EPA/USDA, 1975). The latter is based upon hydrol ogic sinulations
using the SCS Curve Nunber nodel (SCS/USDA, 1971). Drainage is estimted as
the difference between total flow and surface runoff.

Predictions of surface runoff and drainage are used to estinate the
transport of dissolved phosphorus and color. Linear adsorption isotherns are
enpl oyed to estimate 1) the dissol ved phosphorus concentration in surface
runof f from the average extractable phosphorus content of eroded sedinent,
and 2) the dissolved color concentration in surface runoff fromthe average
organic natter content of eroded sedinent. Dissolved phosphorus and col or
concentrations in drainage are assunmed to be constant at relatively | ow
val ues (0.3 g/m3 and om™ | respectively) because they are in equilibriumwith
subsurface soils which are deficient in extractable phosphorus and organic
matter.

In addition to the sedinent-bound and sol ubl e phosphorus I oadings, ex-
plicit consideration is given to the potential for |eaching of phosphorus
from surface crop residues during snownelt periods. Because of frozen soi
conditions, dissolved phosphorus in snowrelt may not equilibrate (i.e., be
adsorbed by) surface soils. Timmons, et al. (1968, 1970) have shown this
component to be potentially inportant when conpared with other soluble phos-
phorus | osses from agricultural watersheds. Despite the relative |ack of
data in this area, |eached residue phosphorus has been included because it
may be inportant to evaluate the inpacts of minimumtillage nmethods which
tend to create a high potential for such |osses by | eaving crop residues on
the soil surface

Because nitrogen is generally nore nobile in soil systens than phos-
phorus, estinates of average sol uble nitrogen export are based upon nass
bal ance rather than upon conputed soil erosion rates and adsorption chemstry.
The input ternms in the mass balance include fixation, fertilization, precipi-
tation, and soil mineralization. The output terms include crop yield,
denitrification, and |osses in runoff and drainage. For each soil type and
practice, various data sources are used to estimate the net nitrogen input
rate, which is defined as the total input nminus crop yield. For each soi
type, denitrification is estimated as a constant fraction of the net input
rate. The total loss in runoff and drainage is then estimated by difference.
This schene ignores export of particulate nitrogen, which is assumed to be
not as inportant as a nutrient source or water quality conponent (see Appen-
dix B, unattached).

The net hodol ogy described above is applicable to a single field or plot
of uniformcharacteristics. In prelinmnary assessnments of agricultural prac-
tices, a hypothetical watershed is assumed to be conprised of a nunber of
fields of equal characteristics. This provides a rough nmeasure of the unit
em ssions and water quality inpacts of a given field/soil type/agricultura
practice conbination. The methodol ogy could be applied as well to a hetero-
geneous wat ershed consisting of a nunber of areas, each with its own set of
field/ soil typel/practice specifications. The effects of heterogeneous water-
shed characteristics on practice eval uations and concl usions are consi dered
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hi gher | evel questions which woul d be addressed subsequent to anal ysis of
honbgenous wat er sheds.

In order to conformto an econonic analysis, the watershed nodel is
calibrated to three different field/soil types which are characteristic of
the Black Creek Watershed, Indiana. A research and denpnstration program
sponsored in that watershed by the EPA (Christenson and WIlson, 1976; Lake
and Morrison, 1975) has provided some data necessary for calibrating the
nodel s. On each soil type, the watershed nodel is calibrated for evaluation
of 11 agricultural practices. Details of the calibrated procedures and
results are discussed in Appendix D

METHODS FOR PREDI CTI NG | MPOUNDVENT WATER QUALITYZ

In tune with the watershed nodels, the framework devel oped for assessing
i mpoundnent water quality inpacts consists of enpirical nodels which are
designed to predict steady-state, seasonal, or long-term average conditions.
The following water quality conponents are considered

1) sedinent concentrations and trap- 4) nmean sunmmer, Secchi Disc trans-
ping rates parenci es

2) phosphorus concentrations and 5) mean summer, epilimetic chloro-
trapping rates phyll-a concentrations

3) nitrogen concentrations and trap-
ing rates

Model s are fornul ated for each of the above conponents based upon theoretica
consi derations and the results of previous nodeling efforts. They are
calibrated and tested enpirically using a data base characterizing the beha-
vior of these conponents in Corn Belt inpoundnents and conpiled from various
sources (EPA/NES, 1975; USDA, 1969; |1SBH, 1976; USACE, 1977)

The sensitivities of the above water quality conponents are assessed
wi th respect to annual average input rates, or |oadings, of the follow ng
subst ances:

1) water 4) nitrogen
2) sedinment (sand, silt, and clay) 5) dissolved col or

3) phosphorus (total soluble and
extractable particul ate)

Addi tional independent variables of inportance include nean depth and i m
poundnent type (reservoir versus natural |ake). The pathways in the

i npoundnent water quality analysis are sumarized in Figure 4. Essentia
features are discussed bel ow

Zsee Appendi x C.
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OUTFLOW/
LOADINGS TRAPPING/ EPILIMNETIC 4
DECAY RATES CONCENTRATIONS
Color > Color Color
Transparency
Sediment € > Sediment € Suspended
/ Solids
e Chlerophyll-a
. c .
Phosphorus € > Phosphorus J > Phosphorus/ oncentration

\

T\

V4

Nitrogen Nitrogen Nitrogen

IMPOUNDMENT MORPHOMETRIC
AND HYDROLOGIC CHARACTERISTICS

FI GURE 4: PATHWAYS I N THE | MPOUNDMENT WATER QUALITY ANALYSI S

Fol I owi ng t he wat ershed nodel, the behavior of the sand, silt, and clay
fractions of sedinment are nodel ed separately within the inmpoundment. A nodi-
fication of Bruyne's (1953) enpirical curves is used to estimate the trapping
efficiency of sedinment in each texture class as a function of mean hydraulic
residence tinme. Bruyne's curves are represented reasonably well by a node
whi ch assumes a first-order decay process for sediment in a conpletely-m xed
system Decay rate paraneters for clay and silt are selected to match
Bruyne's | ower and upper envel ope curves, respectively. The sand decay rate
parameter is selected so that essentially all of the influent sand is trapped
Total sedinentation rate and outfl ow suspended solids concentration are esti-
mated as the respective suns over texture classes.

The retention, or trapping, of phosphorus is represented by an enpirica
nodel which is calibrated using data on phosphorus budgets and sedi mentation
rates provided for a cross-section of 15 inmpoundments by the EPA's Nationa
Eut rophi cation Survey (1975) and the USDA (1969). Data indicate that the
"effective settling velocity" (Vollenweider, 1969) for total phosphorus in
these inpoundnents is a strong function of sedinmentation rate. This suggests
t hat adsorption/sedinentation reactions represent inportant phosphorus
renoval mechani snms in these inpoundnents. The settling velocity is also
weakly correlated with nean depth and surface overflow rate. Average outflow
phosphorus concentration is estimated froma steady-state nmass bal ance, based
upon the average inflow concentration and conputed trapping efficiency.
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Average outflow concentrations are related to median, summer concentrations
measured within the inpoundments using enpirical relationships derived from
50 EPA/NES inpoundnents in the Corn Belt.

The devel opnent of nodels for nitrogen trapping and outflow concentra-
tion follows that of phosphorus. Data suggest, however, that, unlike phos-
phorus trapping, nitrogen trapping is not significantly dependent upon sedi -
mentation rate. The nitrogen trapping nodel is calibrated using data from
50 EPA/ NES inpoundments. These inpoundnments are considerably |ess efficient
in trapping nitrogen than in trapping phosphorus. In the 50 inpoundments
studi ed, the average nitrogen and phosphorus retention coefficients are .24
and .44, respectively. This is partially attributed to the fact that average
nitrogen |oadings are roughly three times in excess of phosphorus |oadings,
relative to algal growth requirenents. This conforns to the results of EPA
NES bi oassay studies, which indicate that, given adequate light, algae in
most of these inpoundnents are phosphorus,as opposed to nitrogen linmted

Based upon data from ei ght inpoundnents provided by the Indiana State Board
of Health, Secchi Disc transparency is represented as being inversely propor-
tional to the visible light extinction coefficient in the water colum.

Light extinction is attributed to the following: 1) water; 2) dissolved
color; 3) non-algal, suspended solids; and 4) al gal suspended solids (repre-
sented by chlorophyll-a concentration). The first termis a constant; the
last three are represented as linear functions of the respective concentra-
tions. These relationships are calibrated using data fromthe region and

the general literature. Estimtes of dissolved color are based upon the

col or | oadings derived fromthe watershed nodel, assunming a first-order decay
mechani sm for color within the inpoundment. Suspended solids concentrations
are derived directly fromthe sedimentation nodel. Mean summer chlorophyll-a
concentrations are estimted using the method described bel ow. The applica-
tion of a seasonal correction factor to the average annual outflow col or and
suspended solids concentrations pernmits estimation of mean summer |ight
extinction coefficients and Secchi Disc transparencies.

Chl orophyll-a is used as an index of primary production, trophic state,
and, in sone systens, fish production. The nodel devel oped for predicting
chl orophyll-a levels considers the possible effects of algal growh limta-
tion by light, phosphorus, and/or nitrogen. Expressions for the maxi mum
bi omass levels linited by each of the above factors are based upon steady-
state solutions of theoretical equations describing algal growh in a m xed
surface layer. For a given region and climate the light-linmited biomass
level is sensitive to epilimion depth and the portion of the visible |ight
extinction coefficient attributed to water, color, and non-al gal suspended
solids. The phosphorus- and nitrogen-linited |evels are dependent upon
mean summer concentrations of total phosphorus and total nitrogen, respec-
tively, in the epilimion. These liniting biomass expressions are conbined
in an enpirical formto allow for sinultaneous limtation of algal growth
by nmore than one factor. The nodel is calibrated and tested using data from
50 inpoundrments in the Corn Belt. Analyses of residuals, tests for para-
meter stability, and eval uations of nodel performance on an independent data
set of 20 inpoundrments are offered as evidence of nodel verification.
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The calibrated inpoundnent nodel has been |inked with the watershed
nodel to create a framework for assessing the effects of the 11 different
agricultural practices on each of three soil associations in the watershed
Addi tional factors which nust be specified for the assessnent include tota
wat er shed area, inpoundnent surface area, and inpoundnent nean depth. Val ues
of 200 km?, 5 km?, and 4m respectively, have been sel ected as being typica
of watershed/i npoundnent configurations in the data set used to develop the
i mpoundnent nodels. Wth a total flowrate of .25 miyr fromthe watershed
t he hypothetical inpoundment has a surface overflow of 10 niyr and a mean
hydraulic residence time of .4 years.

It should be noted that our evaluations of the relative inpact of the
practices on inpoundnent water quality may be somewhat sensitive to this
choi ce of a watershed/inmpoundnent configuration. The methodol ogy could be
applied as well to alternative configurations. Because the watershed node
is concerned with Iong-term average | oadi ngs, the anal ytical framework my
be less valid for application to i mpoundments with extremely short hydraulic
residence tines in which seasonal variations in |oading may be inportant.
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SECTION 6

USE OF FARM AND WATER QUALITY MODELS

The results derived in this section are for illustrative purposes and
are based on the analytic processes described in the previous sections. In
presenting the exanples, our intent is to show how the joint use of the farm
and water quality nodels could serve as analytical tools in the devel opnent and
eval uation of BW's. The two nodels are used to illustrate 1) how agricultura
practices can be evaluated under existing policies and 2) how governnent poli-
cies could affect the inplementati on of these practices so that they are con-
ducive to water quality inprovenents. The evaluation of agricultural practices
under current policies uses the 11 selected farmpractices listed in Table 2
(as if they constituted a conprehensive set of alternatives currently avail-
able to farmers) and shows how the practices inmpact farmrevenues and water
quality. These results provide the reference conditions from which alterna-
tive policies can be identified and evaluated. Shifts in policies ainmed at
improving water quality can affect farmrevenues and may require government
actions such as subsidies, taxes, or restrictions on certain agricultura

practices or farminplements. The policies illustrated in this section con-
cern reduction of soil loss and river nitrogen. Future econom c conditions
that affect the farmer -- apart fromenvironmental regulations -- can also

be incorporated in the evaluation by adjusting the farm nodel. An exanple
is presented showing the inpacts of increased energy costs.

CURRENT PRACTI CES

Tabl e 4 shows the ranking of the 11 selected farmpractices in terns of
net revenues for the three farms. The corn-bean-wheat-hay rotation using
al |l farmer-owned equi pment has been dropped fromthe evaluation in favor of
custom hiring for wheat and neadow planting and hay harvesting. Use of the
farmer-owned equi prent option woul d obscure the nerits of the four-crop
rotation alternative. The corn-soybean rotations are nost profitable based
on prices chosen for these conmodities in the illustration (i.e., corn
$2. 00 per bushel; soybeans, $5.00 per bushel; wheat, $2.50 per bushel; hay,
$60 per ton). The chisel plow tillage nmethod woul d be sel ected over conven-
tional tillage with a noldboard plow. The maxi num profitability for the
three farnms ranges from $26, 100 (the ridge farn) to $13, 700 (the upl ands

farm.

Table 5 ranks the farmpractices for the three farns according to soi
loss (gross erosion). For the uplands farm the practice which maxi mzed net
revenue results in an annual soil loss of 15.2 tons per acre. On this farm
| osses range from 27.2 tons per acre for corn-soybean rotation w th conven-
tional plowing (CB-CV) down to 2.7 tons per acre for corn-soybean-wheat-hay
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TABLE 4: NET REVENUE -- 1977 DOLLARS

Upl ands Farm Ri dge Farm Low ands Farm

Farm Practice $ Rank $ Rank $ Rank
Conti nuous Corn, Conventional Tillage,
wi thout Terracing (CC CV) 12,800 4 (Tie) 23,600 5 22, 300 4
Conti nuous Corn, Conventional Tillage,
with Terracing* (CC CVT) 9, 600 9 20,300 10 19, 100 6
Continuous Corn, Chisel Plowing, wth-
out Terracing (CC CH) 13, 400 3 24,100 4 22,900 3
Conti nuous Corn, Chisel Plowing, with
Terracing (CC CHT) 10, 200 8 20,900 8 19, 600 5
Continuous Corn, No-Till Planting,
without Terracing (CC NT) 6, 900 11 20,100 11 6, 500 11
Cor n- Soybeans, Conventional, Tillage,
without Terracing (CB-CV) 13, 500 2 25, 800 2 24, 400 2
Cor n- Soybeans, Chisel Plow ng, with-
out Terracing (CB-CH) 13, 700 1 26, 100 1 24, 600 1
Cor n- Soybeans, No-Till Planting,
without Terracing (CB-NT) 12, 200 7 25,100 3 16, 600 9
Cor n- Soybeans, No-Till Planting, with
Terracing (CB-NTT) 8, 600 10 21,500 6 13, 000 10
Cor n- Soybeans Weat - Hay, Conventi onal
Tillage for Corn only, wthout Terrac- 12, 400 6 20, 800 9 18, 100 7
ing (CBWH)
Cor n- Soybeans Wieat-Hay, No-Till
Pl anting, wthout Terracing (CBWH NT) 12,800 4 (Tie) 21,100 7 17, 600 8

*PTO Terraces.
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TABLE 5: | MPACT OF FARM PRACTICES ON SO L LGSS

Upl ands Farm R dge Farm Low ands Farm
. Tons/ Tons/ Tons/
Farm Practi ce Acre  Rank Acre  Rank Acre  Rank
Continuous Corn, Conventional Tillage,
wi thout Terracing (CC CV) 26.5 10 9.1 10 3.4 10
Continuous Corn, Conventional Tillage,
with Terracing (CC CVT) 18.9 9 6.5 9 2.4 9
Conti nuous Corn, Chisel Plowing, wth-
out Terracing (CC- CH) 12.0 7 4.1 7 1.6 7
Conti nuous Corn, Chisel Plowing, wth
Terracing (CC-CHT) 8.5 5 3.0 5 1.1 5
Continuous Corn, No-Till Planting,
wi thout Terracing (CC-NT) 7.0 3 2.4 3 0.9 3
Cor n- Soybeans, Conventional Tillage,
wi thout Terracing (CB-CV) 27.2 11 9.4 11 3.5 11
Cor n- Soybeans, Chisel Plow ng, with-
out Terracing (CB-CH) 15.2 8 5.2 8 2.0 8
Cor n- Soybeans, No-Till Planting, wth-
out Terracing (CB-NT) 11.4 6 3.9 6 1.5 6
Cor n- Soybeans, No-Till Planting, wth
Terracing (CB-NTT) 8.1 4 2.8 4 1.0 4
Cor n- Soybeans Wheat - Hay, Conventi onal
Tillage for Corn only, w thout Terrac- 4.3 2 1.5 2 0.5 2
ing (CBWH)
Cor n- Soybeans Wheat - Hay, No-Till
Planting, wthout Terracing (CBWH NT) 2.7 1 0.9 1 0.4 1

Not es: Soil Loss = Gross Erosion
H ghest Rank, 1 = M ninmm Soil LCSS



rotation with no tillage (CBWH NT). These soil loss figures refer to gross
erosion rates (before application of delivery ratios). They are proportional
but not directly applicable, to assessment of receiving water inpacts.

For the ridge farmthe practice which maxinizes annual net revenue
($26,100) results in annual soil loss of 5.2 tons per acre. Soil |oss on
the ridge farmranges from9.4 tons per acre for conventional tillage on the
corn-soybean rotation (CB-CV) down to 0.9 tons per acre for the no tillage
corn-soybean-wheat -hay rotation (CBWH NT).

For the low ands farmthe farm practice which maxin zes annual net
revenue ($24,600) has an annual soil loss of two tons per acre. Soil |osses
on the lowands farmrange from3.5 tons per acre for the CC-CV and CB-CV
practices down to 0.4 tons per acre for the CBWH NT farm practi ce.

Ranki ngs of the farmpractices with respect to suspended solids, nitro-
gen, and phosphorus concentrations in the river are shown in Table 6. The
farm practices and their net revenues can be conpared with these pollutant
| oad contributions in the sane manner as illustrated above for soil |o0ss.

As discussed in Section 5, in addition to soil |oss, six variables
related to water quality were analyzed for the three farms and the 11 farm
practices. The results, together with net revenues, are displayed as three
sets of bar graphs (Figures 5, 6, and 7). A conplete listing of the water
quality inpacts is presented in Appendix D. The bar graphs are constructed
so that increasing pollutant |oads or concentrations are shown by higher
vertical lengths of the bar; for net revenue vertical |length increases with
hi gher returns. The six water quality conponents displayed and the dinmen-
sions used to quantify themare

e |npoundnent sedinentation (kg/m2)1!

e River nitrogen (g/m3)

e River phosphorus (g/m3)

e River light extinction coefficient (m™)

e Inpoundnent |ight extinction coefficient (m™)
e | npoundnent biomass (g chl-a/m3)

The tables and graphs described above illustrate the types of informa-
tion produced by the proposed nethodol ogy for the case in which governnent
policies are the sane as at present. W enphasize that the 11 selected
farmpractices forman inconplete set of alternatives actually avail able
to a farmer; there are many others. There are also interesting options
that do not use synthetic biocides and/or fertilizers. The body of inforna-
tion currently available fromlIndiana sources is not yet adequate to estinate
costs for these options. Nevertheless, estinates are beconm ng avail able
from ot her sources because of the increasing use of such techniques anong
| arge-scal e farnmers concerned about the risks of synthetic biocides. If

kg = kilograms; g = grams; m = neters; yr= years.
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TABLE 6:

AND PHOSPHORUS I N THE RIVER

| MPACTS OF FARM PRACTI CES ON AVERAGE ANNUAL CONCENTRATI ONS OF SUSPENDED SCLI DS, NI TROGEN,

Upl ands Farm Ri dge Farm Low ands Farm
SS N P SS N P SS N P
Farm Practice 3 3 3 3 3 3 3 3 3

g/m” R [g/m” R|g/m” R | g/m” R [g/m” R |g/m” R kg/m” R [g/m" R |g/m R
Conti nuous Corn, Conven-
tional Till., without Ter- 3.3 10 1.6 9 09 4 |(1.11 10 u8.5 9 14 8 |.50 10{11.1 9 |19 6
raci ng (CCCV)
Conti nuous Corn, Conven-
tional Till., with Terrac- 244 9 1.5 6/.08 2 |81 9 pA7v.1 7 (12 3 |36 9 (10.2 7 |17 3
ing (CC-CVT)
Conti nuous Corn, Chisel
Plow., W thout Terracing 1.59 7 [12.6 9|.10 a |.54 7 8.5 9|13 5 [ 23 7 (11.1 9 |.19 6
(CC-CH
Conti nuous Corn, Chisel.

: .39 5 ) . . .
Plow., with Terracing (CC CHI) 1.15 5 (11.5 6 1.09 4 7.1 71123 75 10.2 7118 4
Continuous Corn, No-Till
Plant. without Terracing .94 3 |15.6 11 ].15 11(.33 3 pR2.0 11].16 11 |. 14 2 116.3 11 |.21 11
( CC-NT)
Cor n- Soybean, Conventi onal
Till. without Terracing 3.47 11 | 9.5 3[.09 4 1.13 11|13.1 3|.14 8|.51 11| 7.8 3 |.19 6
(CB- V)
Corn- Soybean, Chisel Plow., 9.5 3| .09 4| .66 8[13.1 3|.13 5|.20 8
wi thout Terracing (CB-CH) .98 8 ' ' 783 |18 4
Cor n- Soybean, No-Till Plant., 10.5 6| .13 10| .51 6(14.7 6| .14 8|.22 6
wi t hout Terracing (CB-NT) L. 51 6 ' ' 9.7 6 1.20 10
Corn- Soybean, No. Till. 9.95(.12 9 |.37 4 |14.0 5/.13 5/|.16 4 2 1
Plant, with Terracing (CB-NTT) .09 4 ' 9.2 5 [.19 6
Cor n- Soybean- Weat - Hay, Con-
ventional Till. for Corn only |.60 2 [ 6.5 1}.07 1 |.21 2 8.7 1/.09 2(.09 2 5.6 1 [.14 1
wi thout Terracing (CBWH)
Cor n- Soybean- Wheat - Hay, No-
Till. Plant., wthout Terrac- .39 1 6.8 21.08 2 .14 1 8.7 1 08 1 .06 1 58 2 |.15 2
ing (CBWH NT)
Notes: SS = Suspended Solids; N = Nitrogen; P = Phosphorus; R = Rank



Cel haf's figures (Cel haf,

1976) are accepted,

the use of synthetic chemcals is within 10 to 15 percent of the cost.

Options for which no illustrative calculations were nade include: a

| er use of year-round rotations;
l'ivestock and cropping operations.
i ncreased economi ¢ and environmnent al

i ntegrated pest managenent;
Sonme of these options may contribute to
stability. W are convinced that

that cost of farming without

ful -

and integrated

it is

inportant to evaluate rotation alternatives (and this includes the CBWH farm
practices) and at the sane time analyze the role of livestock in the farm

unit.

| NTERPRETATI ON OF WATER QUALI TY | MPACTS

As shown in Figures 5, 6, and 7,
tural practices vary with field/soi
nment), and specific pollutant.

Use of soi

the water quality inmpacts of agricul-

type,

wat er body (river versus inpound-
loss alone as the criterion for

farm practice evaluations can |ead to erroneous concl usions because of the
i mportance of various dissolved conponents in the water and the interactive
sedi -

effects of different processes (e.g.
For illustrative purposes,

mentation).

decay,

adsor ption/ desorption,
Table 7 lists the relative inpacts of

two farm practices on water quality conponents in the river and inpoundnent

for each soil type

TABLE 7:

| MPACTS OF THE MOST EROCSI VE PRACTI CE (CB-CV) RELATIVE TO THE
LEAST ERCSI VE (CBWH NT) ON VARI QUS WATER QUALI TY COVPONENTS

Rel ative inpacts are neasured as the ratio of the inpact

Loadi ng or Concentration

[

w U1

PP 00y0wOoR

.76
.00
.92
. 80

97

.39
.22
.49
.20
.15
.29
.97
.97
. 56
.93
.63

Conponent * Location Rati o.
— — . Soil _Type
Low and Ri dge Upl and

Surface Runoff Wat er shed 1.25 4.92
G oss FErosion Wat er shed 10. 00 10. 00
Suspended Sol i ds Concentration Ri ver 9.22 8.20
Suspended Solids Concentration | npoundnent 8.40 6.31
Sedinentation Rate | mpoundnent 9.24 8.30
Di ssol ved N trogen Concentration R ver 1.35 1.50
Di ssol ved Nitrogen Concentration | npoundnent 1.22 1. 26
Di ssol ved Phosphorus Concentration R ver .81 .64
Particul ate Phosphorus Concentration R ver 7.80 4.29
Tot al Phosphorus Concentration R ver 1.28 1.61
Total Phosphorus Concentration | npoundnent . 88 . 80
Di ssol ved Col or Concentration Ri ver .87 1.67
Di ssol ved Col or Concentration | npoundnent . 87 1.67
Li ght Extinction Coefficient Ri ver 4.58 7.88
Li ght Extinction Coefficient | npoundnent 1.65 4.77
Li ght Extinction Coefficient** | npoundnent 1.25 2.00
Chl orophyl I -a Concentration** | npoundnent .90 .80

.25

* Annual

**Sumrer aver ages.

averages unless otherw se noted
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on water quality of the nmost erosive farmpractice (CB-CV) to that of the
| east erosive practice (CBWH NT)

For any given soil type the Universal Soil Loss Equation predicts a ten-
fold difference in the gross erosion rates between the two farm practices.
The effects on gross erosion are, however, attenuated by the selective ero-
sion and transport of finer sediment fractions. Therefore, the ratio of
suspended solids concentrations for the three soil types range from8.2 to
9.2 in the river and from®6.3 to 8.4 in the inmpoundnent.

Ef fects of reducing soil erosion are further attenuated in the case of
river particul ate phosphorus concentrations, and the ratios range from4.2 to
7.8. River dissolved phosphorus concentrations are actually lower in the
nore erosive case, as indicated by ratios less than 1.0 in Table 7. This
result is attributed to:

1) snownelt, which | eaches dissolved phosphorus from crop residues
on the soil surface in the no-till case; and

2) enrichment of surface soil phosphorus |evels caused by the
shal l ower tillage and fertilizer incorporation depths charac-
teristic of the no-till case

I ncreases in dissolved phosphorus produced by the CBWH NT farm practice par-
tially offset the particul ate phosphorus decreases resulting fromthat prac-
tice. The net result is a 1.2- to 1.6-fold difference in river tota
phosphorus concentrations, despite a ten-fold difference in gross erosion
rates. In the outflow of the inpoundment the less erosive farm practice
(CBWB-NT) results in higher phosphorus concentrations than the nore erosive
one (CB-CV). This reversal of effect is attributed to increased inpoundnent
phosphorus trapping efficiency due to higher sedinentation rate. This effect
is particularly evident in the relatively steep and phosphorus-deficient up-
| and soils.

Variations in dissolved color also do not follow those of soil |oss.
Color differences are attributed to differences in 1) runoff, and 2) enriched
level s of organic matter in the surface soil, as influenced by tillage depths.

Li ght extinction coefficients are inversely related to water trans-
parencies and are influenced by turbidity (suspended solids), dissolved color
and in sunmer algal growth. Variations in suspended solids concentrations
are chiefly responsible for the 4.6- to 8.6-fold higher river extinction
coefficient values resulting fromthe nore erosive practice. Because of
sel ective trapping of coarse suspended solids and color decay within the
i mpoundnent, ratios of annual average inpoundnent extinction coefficients are
reduced to a range of 1.7 to 5.9 for the various soil types. Wth the al gal
conponent included, summer extinction coefficient ratios are further reduced
to the 1.2 to 3.6 range.

Use of the |less erosive practice results in higher chlorophyll-a concen-

trations in the inmpoundnent, ratios ranging from.25 to .90. This is attri-
buted to 1) higher phosphorus concentrations in the inmpoundment (as discussed
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above), and 2) the reduced effect of light-linmtation on algal growth which
results when turbidity (suspended solids concentration) is lowered. In the
extreme -- the upland case -- inplementation of the least erosive practice
causes a ten-fold reduction in soil loss, but a four-fold increase in chloro-
phyl | -a concentration. Chlorophyll-a increases in the other soil types are
less significant, with ratios ranging from.8 to .9.

These results indicate a possible conflict between the water quality
managenent goals of controlling sedimentation and of eutrophication using
the types of farm practices evaluated here. Taking into consideration fish
production, higher chlorophyll-a |evels could, however, be considered bene-
ficial under certain conditions. Such conditions nmight include 1) relatively
shal | ow i npoundnents w thout extensive stratification; 2) chlorophyll-a
concentrations sufficiently | ow so that occasional najor fluctuations in
di ssol ved oxygen (due to algal die-offs and/or respiration during cloudy
periods) do not create lethal conditions; and 3) commercial or recreationa
obj ectives that enphasize quantity rather than quality or species of fish
(i.e., "trash fish" are acceptable). Under these conditions if a nodel user
were to rank fish production as a higher priority than water quality, there
woul d be no conflict. Water quality features that are negatively inpacted
by algal production -- for exanple, transparency, taste, odor, or in a strati-
fied inmpoundnent dissol ved oxygen concentrations in bottomwaters -- would be
secondary considerations. Additional data and anal yses are needed to provide
an adequate basis for interpreting the chlorophyll-a predictions froma bene-
fit point of view Interpretations would be facilitated by expanding the
i mpoundnent water quality nodel to permit direct estimation of inpoundment
di ssol ved oxygen concentrations as influenced by both external (watershed)
and internal (photosynthetic) sources of oxygen denmand

Wth the possible exceptions of phosphorus and eutrophication, contro
of soil erosion produces beneficial effects on water quality. Nevertheless,
as denonstrated above, the relative nagnitudes of these effects are consider-
ably smaller than indicated by relative soil loss. In addition, effects on
nitrogen concentrations are governed by farmnitrogen budgets rather than
soi | |oss.

The inportance of one pollutant conpared to another may also shift from
wat er shed to watershed and hence influence the selection of those water
quality conponents of primary inportance to the evaluation of the BM's;
that is, the different pollutants should be ranked on the basis of the sever-
ity of local water quality issues. In assessing BW' s it seems reasonable
to first conpare farm practices and their net revenues with respect to the
primary pollutants and then incorporate the other pollutants into the analy-
Sis.

To illustrate the linking and application of the farmand water quality
model s, soil loss and nitrogen are used as basic neasures of water quality
impact in the follow ng discussion. Mre detailed discussions and interpreta-
tions of the water quality inpacts of the practices and soil types are
included in Appendix D.
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FARM PRACTI CES AND FUTURE PCLI CI ES

The purpose of linking the farmand water quality nodels is to evaluate
the effects of proposed government policies concerned with agricultural prac-
tices on farmincome, water pollution |oadings, and water quality. For
illustrative purposes we consider the follow ng policies.

Conservation Practice Subsidies or Requirements

First, let us consider erosion control subsidies for structural inprove-
ments. Terraces are an inportant soil-saving option. Their total annua
cost for our farmof 250 acres is estimated at $6,460, nearly all of which
represents construction costs.? This is incorporated in Table 4 as a cost
totally borne by the farmer, and as a consequence terracing alternatives | ook
| ess attractive than other alternatives.

A 50 percent terracing subsidy, however, brings the net revenues of the
conti nuous corn chisel plow alternatives on terraced [and (CC-CHT) nore in
line with the highest non-subsidized practice of corn-soybean chisel plow
(CB-CH) on non-terraced |and. Although the corn-soybean chisel plow practice
on terraced land (CB-CHT) was not conputed, that alternative would be slightly
nore favorable than continuous corn with chisel plow ng on terraced |and
(CC-CHT) and woul d presumably be selected with the 50 percent subsidy. Such
a subsidy amounts to $3,230 per 250 acres or about $13 an acre. Soil |oss
reduction and cost per unit inprovenent are3

Soil Loss Cost Per Ton of
Reducti on Reduction in Soil Loss
Upl and: 7 tons/acre $ 1.90
Ri dge: 2 tons/acre $ 6.50
Low and: 1 ton/acre $13. 00

Prohi bition of Certain Cultivation Practices

The second class of policies -- prohibition of certain tillage practices
such as conventional plow ng -- woul d have no apparent econonic inpact on the
farms anal yzed here, but could reduce soil loss. This assunes, of course,

equal access by a farmer to nol dboard and chisel plows. Table 4 directly

i ndi cated the cost inpact on the farmer of any required shift in crop prac-
tice by conparing the forbi dden maxi numrevenue alternative to the permtted
maxi num revenue alternative.

Conparison of Terracing and Prohibition of Tilling Practices

We may al so conpare the two policies for reducing soil |oss: the $3,230
subsidy per farm and the prohibition of certain tillage practices. For
exanpl e, prohibiting nmoldboard plowi ng in favor of chisel plow ng for

2see Appendi x A, Table A-1 for derivation of terrace cost.
3the soil |oss estimates shown in Table 5 are rounded to the nearest ton in

this and subsequent exanples.
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conti nuous corn (CC-CH) or corn-soybean rotations on non-terraced | and
(CB-CH reduces the soil loss as follows:

Cont i nuous Corn Cor n- Soybean Rotation

Upl and: 15 tons/acre 12 tons/acre
Ri dge: 5 tons/acre 4 tons/acre
Low and: 2 tons/acre 1 ton/acre

The substitution of the plowing inplements could be acconplished for |ess cost
than the terrace subsidy, and mgjor inmprovements in soil loss could thus be
achieved on the upland farm |f the farner were subsidized for the acquisi-
tion of a $2,150 chisel plow, the cost would be no nore than $350 per year;
this is the yearly fixed cost for the inplement. If the farner |iquidated

a nol dboard plow as part of a farminplement subsidy package, the cost of

t he subsidy program could be reduced. From another view, if we assunme that
the value of each ton of soil retained by terracing is judged to be worth the
50 percent subsidy involved (e.g., on the uplands farmthis anmounts to $1.90
per ton subsidy), then prohibition of moldboard plowing in favor of chise

pl owing on the upland farmis worth approxi nately $25 per acre for continuous
corn and the corn-soybean rotation. This value is about double the $13 per
acre value inplied by the 50 percent terrace subsidy.

G oss Soil Loss Restrictions

G oss soil loss restrictions are sonmeti mes suggested as wat ershed pl an-
ning goals, if not absolute prohibitions. There are nunerous ways to apply
such restrictions, but for the purposes of this exposition we consider them
to apply over each acre of a watershed. Such an interpretation maxim zes
their inpact on costs and on erosion.

Consi der, for exanple, a restriction on gross soil loss of four tons/acre
mexi mum This inplies the followi ng mandated shifts in cropping activities
to comply with four tons/acre soil |oss.

1. For the upland farm the practice with highest net revenue that nmeets
the soil loss criterion is the corn-soybean-wheat-hay rotation with no til-
lage (CSWHNT); additional herbicides are used in the spring to kill the
remai ni ng sod before planting corn. (Note that we are considering soil |oss

as the primary problem on other grounds use of biocides would probably be
rejected in favor of nmechanical cultivation which would, of course, increase
soil loss to four tons/acre, a bit above the | oss expected with the CBWH NT
farm practice). Net revenue decline is

CB-CH = $13,700
CBWH NT = $12, 800

Decline = $ 900 for 250 acres

Reduction in soil loss is about (15 tons/acre for the CB-CH practice - 3 tons
acre for the CBWH NT practice) = 12 tons/acre
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2. For ridge soils costs to the farmer are somewhat greater, and soil
| oss reductions considerably smaller. The shift is from corn-soybean with
chisel plowing (CB-CH to corn-soybean with no tillage (CB-NT):

CB-CH = $26,100

CB-NT = $25,100

Decline = $ 1,000 for 250 acres
Reduction in soil loss is only one ton/acre.

3. For the low ands farmno change fromthe net revenue maxim zing farm
practice (CB-CH) would be necessary to nmeet gross soil |oss restrictions of
four tons/acre.

G oss Soil Loss Taxes

Goss soil loss taxes are a fourth type of policy of interest in control-
ling water pollution. For illustrative purposes a tax of 40 cents per ton
on soil losses is assumed, and economic inpacts are neasured.

1. For the uplands farm corn-soybean with chisel plowing (CB-CH) is the
net revenue maximzer wthout tax; soil loss is 15 tons/acre or 3,750 tons/
year for the farm Tax is $1,500, so the new net revenue is (13,700 - 1,500)
= $12,000. The CBWH NT practice has a soil loss of three tons/acre or 250
tons/year, so tax is $300 and new net revenue is ($12,800-$300) = $12, 500.
Therefore, net revenues are greater, and the CBWH NT practice would be chosen.

2. For the ridge farmthe inmpact of a soil loss tax on the revenues from
the 11 practices is shown in Table 8 Mnor changes in ranking of the net
revenues occur as a result of the soil loss tax. However, the advantage of

chisel over conventional plowing in terns of dollars net revenue is increased.

TABLE 8: I MPACTS OF SO L LGSS TAX (1977 DOLLARS)

(RIDGE FARM
Revenue After
Farm Net Revenue Soil Loss Tax Tax

Practice $ Rank (tons/acre) ($.40/ton) $ Rank
CC cv 23,600 5 9 900 22,700 5
CC-CvT 20,300 10 7 700 19,600 11
CC- CH 24,100 4 4 400 23,700 4
CC- CHT 20,900 a 3 300 20,600 9
CC- NT 20,100 11 2 200 19,900 10
CB-Ccv 25,800 2 9 900 24,900 2
CB- CH 26,100 1 5 500 25, 600 1
CB- NT 25,100 3 4 400 24,700 3
CB- NTT 21,500 6 3 300 21, 200 6
CBWH 20,800 9 1 100 20,700 8
CBWH-NT 21,100 7 1 100 21, 100 7
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3. For the lowands farm the taxes and inpacts would be small for a soi
| oss tax because there is little erosion potential with any of the farm prac-
tices.

Fertilizer Limtations or Taxes

A fifth policy type considers a fertilizer tax to reduce over-application
of fertilizer -- especially nitrogen. The rationale behind such a tax would
be as follows. Because of the snall slope of the fertilizer response curve
in the region of interest (where farmers now operate), a tax can encourage
less fertilizer use with nodest declines in crop yield and even smaller re-
ductions in net revenue. However, the effects of reduced nitrogen applica-
tions are magnified as beneficial inpacts on water quality because of the
non-linear nature of the water body response to nitrogen. For exanple, see
Figure 8. To evaluate the inplications of a fertilizer tax policy, two
approaches are illustrated. In the first approach a relatively high tax on
nitrogen fertilizer is investigated to determine how changes in farm prac-
tices mght be induced and how water quality would be affected. In the sec-
ond approach we show that relatively large reductions in nitrogen use can be
attained with small reductions in yield. A fertilizer tax mght be used to
obtain this result wthout changing the agricultural practice desired by the
farner.

Nitrogen fertilizer is first assunmed to be heavily taxed at $0.07 per
pound, representing a price increase of about 50 percent over the price used
in the reference cases developed in Appendix A This tax reduces net reve-
nues by a maxi mum of $3,400 (on the ridge farm for the farmpractice using
the nost nitrogen (CC-NT) and by about $900 for the |east nitrogen-dependent
practices (corn-soybean-wheat-hay rotations). The Corn-Soybean chisel plow
farm practice (CB-CH is still the highest ranking net revenue practice, but
both of the corn-soybean-wheat-hay alternatives have noved up in the ranking
as shown in Table 9. W can estinmate water quality inplications from data
presented earlier in Table 6 on river nitrogen concentrations from the
various farm practices. For exanple, if a sufficiently high fertilizer tax
could be inposed so that net revenues for the corn-soybean-wheat-hay no-til
farmpractice (CBWH NT) were equal to those for the corn-soybean chisel plow
(CB-CH), river nitrogen would be reduced 28 percent for the uplands farm
34 percent for the ridge farm and 26 percent for the low ands farm This
requires a fertilizer tax of $0.13 per pound (or a 100 percent increase in
the price of nitrogen to the farner) for the uplands farm For the ridge
farmthe tax required is $0.54 per pound and for the |ow ands farm $0.74
per pound, representing nitrogen price increases to the farmer of 415 percent
and 570 percent respectively.

For the second illustrative case the use of nitrogen is somewhat reduced
and the farmer continues to select the same agricultural practice as in the
reference case. W have used corn-nitrogen response functions to estinate
the yields for different levels of nitrogen application (see Appendix F,
unattached), and to illustrate the inpacts, we have considered one of the
farmpractices that is a heavy user of nitrogen -- the continuous corn with
chisel plowing (CC-CH). In the Black Creek area on ridge soils, nitrogen
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FIGURE 8: EFFECTS OF FERTILIZATION RATE ON LOW YIELD AND RIVER NITROGEN
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application is 160 pounds per acre, resulting in corn yields of 130 bushels
per acre. Reduction in nitrogen application of 13 percent is selected and
thus reduces corn yields about 2.5 percent and gross revenue by the same

anmount .

TABLE 9: NET REVENUE -- 1977 DOLLARS (FERTILIZER TAX* | MPOSED ON NI TROGEN)

Farm Practice Upl ands Farm Ri dge Farm Low ands Farm
S Rank S  Rank S Rank

Conti nuous Corn,

Conventional Tillage, with- 10, 500 7 20,600 5 19, 300 4
out Terracing (CC CV)

Conti nuous Corn,

Conventional Tillage, with 7,200 10 17,300 10 16, 000 8
Terraci ng (CC-CVT)

Conti nuous Corn,

Chisel Plowing, wthout 11,100 5 21,100 4 19, 900 3
Terracing (CC-CH)

Conti nuous Corn,

Chisel Plowing, with 7,800 8 17,900 9 16, 600 7
Terracing (CC-CHI)

Conti nuous Corn,

No-Till Planting, with- 4,300 11 16,700 11 3,200 11

out Terracing (CC-NI)

Cor n- Soybean,
Conventional Tillage, with- 12, 400 2 21, 600 3 23,100 2

out Terracing (CB CV)

Cor n- Soybean,
Chi sel Pl owi ng, wi thout 12,600 1 24,800 1 23, 400 1

Terracing (CB-CH)

Cor n- Soybean,
No-Till Planting, without 11,000 6 23,600 2 15, 100 9

Terraci ng (CB-NT)
Cor n- Soybean,
No-Till Planting, with 7,400 9 19,900 7 11, 500 10

Terracing (CB-NIT)
Cor n- Soybean- Wheat - Hay,

Conventional Tillage for 11,700 4 19,800 8 17, 200 5
Corn only, wthout Terracing

(CBWH)

Cor n- Soybean- Weat - Hay, No

Till Planting, w thout 12,100 3 20,200 6 16, 800 6

Terraci ng ( CBWH NT)
*Tax on nitrogen is assumed to be 7 cents per pound.

The resulting inmpact on net revenue is a four percent reduction. If farmers
responded to small changes in fertilizer prices, they would |ower their operat-
ing costs by an amobunt equal to the decline in revenue caused by a fertilizer
tax. In this illustration the 13 percent decrease desired fromthe use of
nitrogen would be acconplished by a fertilizer tax of about $0.04 to $0.05 per
pound. River nitrogen concentration is reduced by approximtely 20 percent
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(i.e., 18.5 g/m3 to 14.4 g/m3) by the lowered levels of fertilizer use on the
ridge farm This level of pollutant reduction is explained by Figure 8. It
is seen that the corn-nitrogen response curve is relatively flat in the range
of interest (i.e., large reductions in nitrogen application result in smal
reductions in yield). Nevertheless, as the figure shows, the percent reduc-
tion in river nitrogen is greater than the reduction in nitrogen applied to

the crops

Manur e/ Legune Subsidies or Restrictions

The final type of policy evaluation considered is a subsidy for construc-
tion of manure storage and handling facilities, or for grow ng | egum nous
cover crops to protect the soil and provide crop nitrogen. Because we have
not included livestock activities in the methodol ogy devel oped to date, we
consi der here only a hay crop subsidy that affects the corn-soybean-wheat - hay
rotations. The objective mght be to encourage use of such a rotation to

conserve soil, nitrogen, and energy.

If the low ands farmis considered, net revenues for naxi mum net

return -- corn-soybean with chisel plowing (CB-CH -- is $24,600. Net reve-
nue for the alternative that we wish to encourage -- corn-soybean-wheat - hay
(CBWH) -- is $18,00 in the reference case. Wth a expected yield of four

tons per acre and one-quarter of the farmin hay (62.5 acres), the increnen-
tal price needed to bring the CBWH practice up to the net revenue |level for
the CB-CH practice is (%$24,600 - $18,100) = (4 x 62.5) = $26 per ton. This
is not inpossible, especially if an integrated |ivestock operation is con-
sidered. However, a subsidy in that amount ($26 per ton or about $100 per
acre) could foster the switch to the CBWH practice at current prices for hay

of $60 per ton

Al ternative Futures

One alternative future is a continuation of the trends toward a highly
concentrated, factory-like food/fiber production system characterized by
trends listed in Section 1. Aspects of other possible futures evolving out
of past and current trends and new forces might include elenents fromthe
following Iist

1) Stabilization of farmsizes and potential reduction in size
of the largest units

2) Reversal of the trend toward absentee ownership

3) Increased |abor inputs as energy costs increase

4) Regional and local inplement manufacturing operations with
focus on the needs of the part-time small farner

5) Crop price stabilization through international establishment
of grain reserves

6) Sonme reversion to polyculture for econonic and ecologic
reasons as energy costs increase, to the extent that the
envi ronnental problens of synthetic biocides becone a probl em
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7) Mre use of manure, rotations, and conposted urban organics
for fertilization and biological control for pest nanagement

8) Increasing integration of livestock activities with feed/food
farmng as energy costs force nore on-farm use of manure as
a feed, fertilizer, and energy (methane) source, and as the
pollution costs of feedlot operations are passed back to the

feedl ot operator.

9) State/federal assistance to persons desiring to farm by direct
subsidies (soft loans) and innovative land use controls (e.g.
purchase of devel opnent rights by the state)

10) Adjustnments in the organization of marketing and distribution
systens to meet the needs of smaller farm operators

11) Consuner and farmer reaction to costs

In order to carry out evaluations that include these kinds of shifts in
agriculture, a mre conplete and conplex analysis than was possible in this
study is required. However, data exist to explore sone of these itens and
could be incorporated in an autonmated farm nodel.

In this study we can illustrate how a properly structured farm nodel
woul d be used to evaluate farmpractices and water quality inpacts in a
future econom c setting. The exanple concerns increased energy costs, but
does not include changes in |abor inputs as suggested in the above Iist,

item 3.

Many of the inputs to farm production involve the use of energy derived
fromoil and natural gas. Farminputs requiring substantial amunts of
energy include fuels used on the farmand energy that is consumed or enbodied
in the production of fertilizers and biocides. For exanple, in addition to
di esel and gasoline fuels for tractors and combines, corn drying operations
consunme about 15,000 Btu per bushel for every ten points of noisture reduc-
tion. Nitrogen fertilizer requires 20,000 to 25,000 Btu for every pound that
is manufactured, while production of biocides requires anywhere from 40,000
to 195,000 Btu per pound depending on their particul ar formulation."

Prices paid by farmers for fuels and chemicals will continue to rise
because of dimnishing oil and gas reserves and possi bly because of the
actions of cartels to create higher oil prices in the long run. It is also
likely that decontrol of natural gas prices will be inplenented in the next
five to ten years. It seens reasonable to assume that equal prices wll
eventual |y be established based on Btu content. Farm practices that are
nore heavily dependent on nechani zation and use of chemicals will be inpacted
most severely conpared to the |ess energy-dependent cultivation practices.

W have postul ated an economic future for 1985. Prices for tractor and
conbi ne fuel, grain drying operations, and the various chem cal s bought by
the farnmer will be substantially higher. In the case illustrated here we

“personal communication, D. Pimental, Cornell University, November, 17, 1977.
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assumed 1985 energy prices will be approximtely double the 1977 prices,®
while prices for other inputs remain constant. This projected increase is
stated in constant 1977 dollars and therefore does not include inflationary

trends.

Mai ntai ning the same 11 farm practices previously described results in
increased cost of farm operations ranging from $10,000 to $30,000 annually,
depending on the practice. This range corresponds to a 30 to 65 percent in-
crease over 1977 costs. Net returns are, of course, drastically affected. Need-
less to say, profitability depends on revenues as well as costs. W have
not, however, attenpted to project prices received by the farmer for corn
soybeans, wheat, and hay; even if this had been done, it is possible that
some of the farm practices would no longer appear to be financially viable.
Since we are interested in the potential inpacts of farmpractices on water
quality as induced by profitability considerations, it is sufficient to
eval uate changes in farm costs wthout attenpting to adjust gross revenues.

A nore conpl ex projection would consider substitution, technol ogical change,
and farm scal e change effects that are beyond the scope of the present effort.

Table 10 shows the inpacts fromthe future energy prices. On all three
farnms the corn-soybean-wheat-hay rotations indicate their |esser dependency
on energy by an upward shift in their net revenue rankings conpared to the
reference cases with 1977 energy prices. The inpacts are nost dramatic on
the uplands farm The CBWH NT and CBWH net revenues are ranked one and two
respectively, compared to a 1977 ranking of four and six. Mreover, the
annual soil loss with these two farmng practices is four tons per acre or
| ess, whereas the highest net revenue practice in 1977 (CB-CH) has a soi
| oss of 15 tons per acre on the uplands farm

5Energy Resources, Inc., "Data Resources Qutlook for the US. Energy Sector:
Control Case," Energy Review Summer, 1977.
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TABLE 10: EFFECT OF FUTURE ENERGY PRI CES ( CONSTANT 1977 DOLLARS)

Upl ands Ri dge Low ands
1977 1977 1977
1985 net Net |[soil ]1985 net net |[soil |1985 net net |soil
Farm Practice revenue* rev. |loss |revenue* rev. [loss |revenue* rev. |loss

$ rank |rank |rank | § rank [rank |rank | § rank [rank |rank
Conti nuous Corn, Conventional )
Tillage, without Terracing (CC V| 8,100 8 | ¢4 10 |+ 800 7| 5 10 1,500 7| 4 10
Conti nuous Corn, Conventional -
Tillage. with Terracing (CC QVT) -11,700 10| 9 9 - 2,800 9] 10 9 |- 5000 10| 6 9
Conti nuous Corn, Chisel Plow ng,
wi thout Terracing (CC-CH) - 7,400 7 3 7 |+ 1,500 6| 4 7 - 800 6] 3 7
Conti nuous Corn, Chisel Plow ng,
with Terracing (CC CHT) -11,000 9| 8 5 |- 2,100 8| 8 5 |- 4,400 9| 5 5
Continuous Corn, No-Till Plant-
ing, without Terracing (CC NT) -19,900 11 | 11 3 - 6,000 11| 11 3 [-22,500 11| 11 3
Cor n- Soybeans, Conventi onal
Tillage, without Terracing - 300 4| 2 11 |+11,600 2| 2 11 | + 8,800 2| 2 11

(CB- CV)
Cor n- Soybeans, Chisel Pl ow ng,
without Terracing (CB-CH) - 80 3 1 8 [+11,800 1| 1 8 + 9,000 1| 1 8
Cor n- Soybeans, No-Till Plant-
ing. without Terracing (CB NT) - 3,200 5| 7 6 |+ 9,300 4| 3 6 - 400 5| 9 6
Cor n- Soybeans, No-Till Pl ant-
ing, with Terracing (CB-NTT) - 7,000 610 4 |- 5,300 10| 6 4 |- 4,200 8| 10 4
Cor n- Soybeans- Weat - Hay,
Conventional Tillage for Corn + 50 2 6 2 + 8,200 5] 9 2 |+ 4,900 4| 7 2
only, without Terracing (CBWH)
Cor n- Soybeans- Weat - Hay,
No-Till Planting, without + 2,600 1| 4 1 |+10,700 3| 7 1 [+ 7,600 3| 8 1
Terraci ng ( CBWH NT)
Notes:  Highest soil loss rank, 1 = nininum soil |oss.
H ghest revenue rank, 1 = maxi num net revenue.

*Qut put

prices assunmed to remain at 1977 level.



SECTION 7

| MPACTS ON DOWNSTREAM USERS

As discussed in Section 6, the results of conmbining the farm watershed
and inmpoundnent rodels and applying themto a case study area show that the
use of alternative farm practices on different soils has different water
quality inpacts. Changes in water quality caused by changing farm practices
have inpacts on downstream water users. To estinate these inpacts, changes
in water quality nmust be related to measurenents of value to people. If this
coul d be acconplished, the beneficial inpacts of alternative agricultura
practices on downstream users could be conpared with the costs (managenent,
environmental, and social, to farners and others) of instituting alternative
farm ng practices. The decision maker could then decide if the beneficia
impacts (benefits) of instituting a particular policy are worth the costs.
This is, however, a difficult step, especially since we are concerned here
with nore than one water quality paraneter and many downstream users

A benefit estimation study is a major undertaking in terms of tine and
expense and has therefore sel dom (or never) been done at the conprehensive
| evel desirable for estinmating the inpacts of changes in more than six water
quality variables on a nultiple-use inpoundment. Table 11 shows alternative
met hodol ogi es that are appropriate for nmeasuring different water quality
benefits. Depending on the use of the water and the surrounding |and uses,
certain inpacts are of nore or less interest to groups of people concerned
with water quality. Therefore, it is necessary to determ ne which groups
are likely to derive the nmost benefit from which aspects of inproved water
qual i ty.

As an exanple of the interests of different groups, let us assune that
the watershed in which the farmand is located drains into a small stream
used by local sport fishernen in the spring. Downstream is an inpoundnent
created for the purposes of water supply, flood control, and recreation
The inmpoundnent is a nmajor recreational and aesthetic attraction in the
region, attracting people fromsurrounding counties to swim boat, fish, and
picnic. Let us also assune that a town uses the reservoir to supply water
for drinking and other purposes. Some benefit categories of interest in this
case are: human heal th, municipal water supply, flood control, ecology,
recreation, aesthetics, and the |ocal econony. The nethods of benefit esti-
mation vary according to the benefit categories of interest and have been
di scussed and eval uated according to the criteria outlined in Appendix E.
The fol | owi ng paragraphs briefly indicate possible research approaches for
each of the above categories.
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TABLE ll: COMPARISON OF METHODOLCGLES TO MEASURE WATER QUALITY BENEFITS

Renefit Categories
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Human Heal th. Epidemiol ogi cal data nmust be gathered and anal yzed to
relate norbidity and nortality rates to drinking water nitrate or biocide
levels or both. Health effects would then be related to their value to
people either by: 1) calculating a dollar value for medical costs and | ost
earnings for each rate of norbidity and nortality; 2) surveying the rel evant
popul ati on using a bidding game approach to deternine aggregate willingness-
to-pay to avoid each level of health effect; or 3) a conbination of both of
t hese met hodol ogi es

Muni ci pal Water Supply. Variations in treatment cost, including equip-
ment and nmai ntenance costs, nust be estimted for alternative pollutant
(sediment, etc.) levels

Fl ood Control. Sedinent deposition affects frequency and severity of
flooding. This relationship also must be specified, and the cost of related
fl ood damage cal cul ated

Ecol ogy. One possibl e approach ranks habitat changes that affect growth
of organisms caused by water quality changes. Diversity is one criterion
used to define this ranking. Another approach would be to calculate the
cost of reproducing the function that the ecol ogy of the region provides and
that would be altered by water quality changes
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Recreation. Recreation covers both contact activities such as sw nm ng,
and non-contact activities such as boating. The travel-cost nethod is one
of the accepted nethodol ogi es available to construct a demand function
dependent on alternative |levels of water quality, using data on variations
in distance traveled to recreation sites as a surrogate price for the acti-
vity. This method may not be the best choice, since in one exanple nobst of
the users of this inpoundnent are local and do not travel |ong distances.

Anot her approach, the bidding gane, relies on survey data to indicate
t he hi ghest anount people would be willing to pay for an inprovenent in
water quality. The bidding can be tied into an appropriate nechani sm such
as a water bill, a recreation fee, or a tax. Results, however, seem depen-
dent on assumed starting bids.

In the time budget approach, also using a survey format, respondents
describe their activities and expenses during a certain time period -- a
week, for exanple -- which are then natched with certain |evels of environ-
mental quality. This information is used to build a demand curve.

For sport fishing, another inportant recreational activity, benefits
accruing to fishing have been related to a fish response nmodel. This npbde
simulates fish responses in terms of quantity and type to water quality
changes. Wth comercial fishing, benefits could be derived by translating
the particular fish population into a dollar neasure of changes in incone,
assumng constant prices. Sport fishing variables other than success are
inportant to the recreational experience. In mght be possible to conbine
the fish response device with one of the survey nethods described above to
obtain information on sport fishing benefits.

Aesthetics. The aesthetic and visual aspects of the river or inpound-
ment water quality are determined by attributes such as color, depth percep-
tion, the existence of weeds, etc.

One approach would be to consider aesthetics along with recreation bene-
fits in a tine-budget or bidding game survey. The popul ation sanple sur-
veyed would then be expanded to include non-recreationists. Typically, rank-
i ng net hods have been used to ascertain the value of the aesthetic qualities
of natural resources. One difficulty is that the aesthetic value of a water
body is greatly influenced by its surroundings and characteristics other
than water quality. A good non-nonetary ranking system used in conjunction
with the survey nethods would be valuable as a reliability check

Local Econony. An input/output nodel could be constructed for the
regi onal econony surrounding the inpacted water body. |ncreased expenditures
generated by recreationists or tourists (see above) in response to changes
in water quality could be used in the nodel to calculate the resulting in-
crease in household income and |ocal production.

We have outlined possible elenments of a conprehensive benefit estima-
tion nethodology. It is clear that such a study would require significant
time and resources to inplement and woul d present many enpirical difficul-
ties. As an alternative, we would like to present a sinplified version that
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qualitatively assesses the direction of benefits resulting fromwater quality

changes induced by the alternative farmng practices.

This is considered a

substitute for the major effort which would be required to inplement a quan-
estimation nethodol ogy.

titative benefit

Tabl e 12 indicates which water quality conponents inpact which benefit

cat egori es.

nmeasur ement has a detrinental

exanpl e,

tially harnful
parameter is of no inportance to the benefit category. For instance

same increase in nitrogen concentration just
ing operations in the inmpoundnent.

A nminus sign indicates that an increase in the water quality
effect on the specified benefit group
an increase in nitrogen concentration in drinking water is poten-
to human health. A zero indicates that an increase in the

for

t he

dredg-

mentioned woul d not inpact

A water quality measurement increase which

has a positive inpact on a benefit category is indicated by a plus sign

I ncreasi ng i npoundment bi omass, for exanple,

since nore food mght increase the available fish popul ation.

m ght inprove sport fishing,

TABLE 12: [ MPACTS ON BENEFI T CATEGORIES OF WATER QUALITY COVPONENTS*

Water Quality Conponents

| npoundment | rpoundment
Benef i t Sedi ment River and | River Light Li ght | npoundnent
Cat eqor | es** | npoundment outflow i npoundnent | Extinction | Extinction Bi omass
g Sedinentation | Concentration | Ntrogen | Coefficient | Coefficient (g chloro-
(kg/m?) {kg/m (g/m%) (m~1y @ ) phyll-a/m)
human heal th
(drinking water) 0 - - - - -
muni ci pal
wat er supply - (%) - - - -
flood control - 0 0 0 0 0
ecol ogy - - - - - -
recreation
sport fishing - - 0 - - +(-)
cont act 0(-) - - - - -
non- cont act 0(-) - 0 - - -
aesthetics 0(-) - 0 - - -
| ocal econony - - - - - (%)

*The effect on a benefit category of
no effect = 0; benefit = +

detrinent = -;

an increase in any parameter is noted as follows:

**See text for explanation of benefit categories.

There are severa
on a benefit category is not totally clear.
signs in parentheses.

Four

such cases are evi dent

cases in which the inmpact of a water quality change

These are noted by alternative
in Table 12:
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1) Sedimentation in a nunicipal water supply is mainly detrinenta
because it causes turbidity, carries chemicals and other toxic
materials, and, if it occurs in high concentrations, nust be
renoved during treatment. On the other hand, sedinment does
tend to adsorb odor and taste-producing chemicals which n ght
otherwise require artificial flocculation (coagulation). This
possi bl e benefit is considered to be less inportant than the
detrinment, and therefore a mnus sign is used to show the
dom nant effect.

2) An increase in inpoundnent biomass may have a positive effect
on sport fishing, since it nmeans an increase in food supply
for fish and hence in fishing success. Wth excessive anounts
of algal growh, however, bottom conditions deteriorate and
di ssol ved oxygen | evel s decrease, causing a decrease in desir-
able fish species, such as trout, and an increase in trash fish,
whi ch survive better under such conditions. This nmay ultinately
have a negative inpact on sport fishing. In our case exanple,
however, we assunme that increasing bionass |evels can be viewed
as beneficial to sport fishing

3) The local econony benefit category is dependent on the benefits
to tourists and recreationists, and therefore the water quality
i npacts observed will be positive or negative according to the
impacts on the recreation and aesthetic benefit categories.
Since an increase in bionmass has a negative inpact on contact
and non-contact recreation as well as aesthetics, it will npst
probably have a negative inpact on the |ocal econony despite
its generally positive inpact on sport fishing. The opposite
woul d be true only if nuch of the |ocal econony were dependent
on an influx of fishernmen, which we did not assune.

4) Sedimentation reduces the holding capacity of an inpoundnent.
When this effect is slight and the inpoundnment is large, there
will be insignificant inpacts on contact and non-contact recrea-

tion and aesthetics -- assunmed in Table 12. However, in sone
cases sedimentation could be a very grave problemin an inpound-
ment, causing it to fill in and cease to exist.

It is clear fromTable 12 that with the possible exception of the beneficia
i npact of higher biomass |evels on sport fishing, all categories are either
not influenced or negatively influenced by an increase in any of the water

qual ity conponents.

In order to conpare the practices fromthe downstream users' point of
view, we need to select a base case; this is the case option producing the
hi ghest net revenue (the corn-soybean rotation using chisel plow ng), essen-
tially assuming that the farmer is a maximzer of net revenue. Figures 9,
10, and 11 depict the relative water quality and net revenue inpacts (neasured
as percentage increases or decreases relative to the base case) of the other
ten practices on the various soil types.
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The downstream benefits of alternative
farmng practices can be qualitatively
conpared by mapping the quantitative
practices and water quality relation-
ships depicted on Figures 9, 10, and
11 onto the qualitative water quality
benefit relationships presented in
Table 12. Results are summarized in
Table 13 for a conparison of the

cor n- bean-wheat - hay rotation with the
assuned base case (corn-soybean rota-
tion with chisel tillage). The rows
in Table 13 correspond to different
benefit categories, and the colums
to different water quality conponents.
As in Table 12, a positive sign indi-
cates that switching fromthe base
case to the conpared practice pro-
duced a beneficial inpact on the
correspondi ng benefit category. The
per centage changes in the various
water quality conponents, necessarily
considered in evaluating the results,
are also listed in Table 13. The
only negative inmpact of switching to
the CBWH rotation is related to the

i mpoundnent bi omass colum -- nanely,
the inmpact on sport fishing; however,
the nere three percent change in bio-
mass indicates that this negative

i npact mght be mnor relative to the
positive inpacts on sport fishing
operating through the other water

qual ity conponents. The most pronounced beneficial inpacts are due to reduc-

tions in inmpoundnent sedinmentation,

i npoundnent suspended solids concentra-

tions, and river extinction coefficients

In order to devel op an aggregate estinmate of the inmpact of any practice
on any given benefit category, the relationships between the levels of the
various water quality conmponents and the degree of benefit derived by each

user would have to be defined

This coul d be done possibly using an approach similar to that taken by
Meta Systenms in assessing the inmpact of each alternative canal route of the
proposed Cross Florida Barge Canal on all the habitats of the canal zone --
as perceived by each interest group. ! However, data constraints do not permt
these estimates, at least at this stage of the nethodol ogy devel oprent.

Imeta Systens Inc, The Overall Assessnent for the Cross Florida Barge Cana

Project. Contract No. DACW 17-75-C- 0077, U S. Arny Corps of Engineers, Jack-
sonville District, Canbridge, Massachusetts, My, 1976.



TABLE 13. RELATIVE | MPACTS OF CBWH PRACTI CE ON WATER QUALI TY COVPONENTS AND
BENEFI T CATEGORI ES FOR THE LONMAND SO L TYPE **

Water Quality Conponents
| mpoundmnent | mpoundmnent R ver and Ri ver Light | npoundnent | mpoundment
Sedi nent ation Sedi nent | rpoundmnent Extinction Li ght Bi onass
Qut fl ow N trogen Coef fi ci ent Extinction
Concentration Coef fi ci ent
Percent |ncrease } : 9ng, _EQo _1ag a0
from Base Case( CBVH) * 702 698 20% 59% 18% 3%
Benefit categories | ** B E N E F | T | M P A C T S
human heal th 0 + + + + +
(drinking water)
nuni ci pal + + + + + +
wat er supply
dr edgi ng + 0 0 0 0 0
(flood control)
ecol ogy + + + + + +
recreation
sport fishing + + 0 + +
cont act 0 + + + + +
non- cont act 0 + 0 + + +
aest hetics 0 + 0 + + +
| ocal econony + + + + + +
* The base case is the highest revenue producing alternative (CB-CH. The effect on a benefit category of
en increase in any paraneter conpared to the base case is noted as follows: detrinent = -; no effect = 0;

benefit = +. A decrease woul d have the opposite sign (See Table 11).

L]

See farm nodel discussion for definition of farmng practices.

*** See text for explanation of benefit categories.

If an aggregate neasure can be derived within each benefit category, the
next level of analysis is the traditional benefit analysis striving for one
scalor to the extent feasible. This nunber would be the sum of the water
quality inpacts (as weighted by each group) aggregated across all the groups.
As discussed in the analysis of the Cross Florida Barge Canal and ot her pro-
jects, the mpjor difficulty, perhaps the ultimate reason for the inapplic-
ability of the approach at the local/regional level, is the selection of the
vari ous wei ghting factors (based on political, social, and econom c aspects)
permtting the necessary aggregation. Furthermore, the fact that different
groups follow their interests inplies that conputing an overall scal or m ght
not be helpful in evaluating alternative agricultural practices and their
various inmpacts.

If an aggregate neasure of benefits to downstream users could be defined
conparison with the aggregated costs incurred by upstreamfarmers woul d | ead
to a neasure of net benefits. However, considering the fact that upstream
users incur different costs dependent upon pertinent policies, |ocations,
soil, etc., the aggregate upstream cost does not reflect realities of conflict
anong farners. These questions have not yet been adequately addressed wthin
the overall franmework
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Rather than attempting to account for all the considerations just men-
tioned, we have completed in Table 14 a simple summary of the relative impacts
of 11 farm practices (each developed in a table similar to Table 13) on the
benefit categories of interest. No attempt has been made here to weigh water
quality components or benefit categories. We feel that while there are cer-
tain gains to be made in pursuing the traditional approach, it may be most
worthwhile in the short run to examine possible non-monetary approaches that
allow for various weighting schemes to compare upstream and downstream bene-
fits and de-benefits associated with various uses (users).

TABLE 14: SUMMARY OF RELATIVE IMPACTS OF FARMING PRACTICES ON BENEFIT

CATEGORIES
Soil Type: Lowlands Farming Practices*
Egﬁzgggies** CC-CV | CC-CH|CC-NT [CB~CV [CB~CH [CB-NT [CBWE [CBWH~NT|CC~CVT|CC~CHT|CB~NTT
human health l(+)+ 2(+) |2(+) |1(+) 2(4) 5(+H) | 4(+) [1(+) 2(+) | 2(+)
(drinking 1(0) 1(0) [1(0) {2(0) [6(0) |1(0) |1(0) 2(0) |2(0) 2(0) | 1(0)
water) 4(=) | 3(=) |3(=) [3(~) 3(-) 3(=) | 3(=)7] 2(-)
municipal 1(+) | 3(+) 13(4) |1(+) 3(+) {6(+)| 5(+) | L1{(+) 3(+) | 3(+)
water sup- 1(0) |6(0) 1(0) {1(0) 1(0)
ply 5(=) 13(=)13(=) 14(=) 3(=) 4(=-) 1(=) 13(-)
dredging L(+) {1(+) 1(+) {1 (+) 1(+) 1(+) | 1L(+)
(flood con-|5(0) 5(0) [5(0) {5(0) |6(0) {5(0) |5(0) 5(0) {5(0) 5(0) | 5(0)
trol) 1(-) 1(-) 1(-)
ecology L(+) | 3(+) {3(+) [1(+) 3(+) |6(+) [ 5(+) [1(+) | 3(+) | 3(+)
1(0) 16(0) 1(0) |1(0) 1(0)
5(=) 13(=) [3(=) {4(-) 3(-) 4(-) 2(-) 13(=)
recreation 4(+) 14(+) 4 (+) 14 (+) 4 (+) 4(+) | 4(+)
sport fish-]1(0) | 1(0) [1{(0) [1(0) |6(0) [1(O) {L(O)| 2(0) |2(0) 2(0) {1(0)
ing S5(=) 11(=)11¢(=) |5(=) 1(-) (=) 4(-) 1(=)
contact (=) | 2(+) j2(+) |1(+) 2(+) 5(+)( 4(+) [1(+H) 2(+) | 2(+)
1(0) 1¢0) |1(0) [2(0) |6{(0) |1(0) {1L(O) 2(0) |2(0) 2(0) 1(0)
4(-) | 3(=) |13(=) |3(-) 3(-) 3(-) 2(=) |3(=)
non—-contact |1 (+) 2(+) [2(+) 11(+) 2(+) 4 (+) 3(+) |1(+) 2(+) | 2(+)
2(0) 2(0) [2(0) 2(0) {6(0) |2(0) [2(0) 3(0) |3(0) 3(0) (2(0)
3(=) l2(=) 2(=) [3(=) 2(-) 2(=) 1(=) j12(-)
aesthetics §1(+) | 2(+) [2(+) {1(+) 2(+) 4(+H) ] 3(+) [L(+) 2(+) | 2(+)
2(0) 2(0) [2(0) {2(0) |6(0) {2(0) 12(0) 3(0) [|3(0) 3(0) {2(0)
3(=) 12(=) 12(=) {3(=) 2(-) 2(-) 1(-) [2¢(=)
local economyjl (+) [ 3(+) [3(+) |1(+) 3(#) e(H) | 5(+) [1(+) 3(+) [ 3(+)
1(0) (6(0) 1(0) [1(0) 1(0)
5(-) [ 3(=) 13(=) |4(-) 3(~-) 4(-) 2(=) | 3(=)
*See farm model discussion for definition of farming practices.

** See text for explanation of benefit categories.

+Sum of the effects on a genefit category of a change from the base case (CB-
CH) to another farming practice. Six water quality components are evaluated.
Numbers indicate the number of water quality component changes that have a
positive, negativé, or no effect on the benefit category. Detriment = -;

no effect = 0; benefit = +.
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Appendi x A

Far m Model

| ntroduction

The devel opment of the farm budget is presented in this appendi x.

The nodel assumes that the farmer is a profit maximzer and will choose
the farm ng practice which gives himthe highest net revenue. The pur-
pose of the budget approach is to show the effects on net farm revenue
of different farm ng practices considered because of their potentia

for reducing nonpoint source pollution for agriculture. This nodel is
based on a farm budget developed by Dr. Klaus Alt of lowa State Univer-
sity, Ames, lowa and discussed in Appendix C "Econom c Analysis Mt hod-

ol ogy" of USDA and U. S. EPA, Control of Water Pollution from Cropl and,

Vol . I1.

The farm budgets shown here are based on el even farmng practices
which are appropriate for use on farnms in the Black Creek area of north-
eastern | ndiana near Fort Wayne. The nobst comonly used cropping practices
in the case study are are included, corn and corn-soybean rotation, and
the nost common nethod of cultivation, conventional tillage, which includes
fall plowing with a nol dboard pl ow. In addition to these practices, two
reduced tillage practices, chisel tillage and a no-till option, are applied
to these two cropping patterns to examne their effects on net revenue and

water quality. Chisel tillage involves shredding stal ks and chisel plow ng
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in the fall and disking in the spring. The no-tillage option is defined
as shredding stalks in the fall and planting in the spring using a no-til
planter. A nore extensive crop rotation of corn-soybean-wheat - neadow,
involving field cover crops as well as row crops, is also exam ned.

This rotation is considered with two tillage options, one in which the
meadow is plowed in the fall using a nol dboard pl ow before planting the
corn in the spring and the other in which herbicides are used in the
spring to kill the remaining sod before planting corn with a no-til
planter. Terracing, a structural erosion control measure, was added

to three of the above eight practices, continuous corn, both convention-

ally tilled and chisel tilled, and a no-till corn-soybean rotation

Farm budgets were devel oped for three typical farns of two hundred
and fifty acres each located on three soil types. The soil types,
upl and, ridge and |low and, were selected as representative of soils in
the case study region. The uplands can be characterized as a Bl ount-
Mor| ey- Pewano association, the ridge as a Renssel aer-Whitaker-Gshtenp
association and the | ow ands as a Hoytvill e-Nappanee associ ati on
Sonme of the farming practice costs vary depending on which soil type

the farmis |ocated.

Tables A-1 through A-10 show detailed costs for the inputs, ranging
from equi pment to seeds, required for using each of the eleven practices
on each of the farms. Table A-11 shows expected yield and gross revenue
for each practice and Table A-12 presents a sunmary of all the costs as

wel | as gross and net revenue for each practice on each soil type. The
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practices are ranked in terns of net revenue in Table A-12 and in terns

of soil loss in Table A-13.

Following this presentation of the basic farm budget nodel for
the eleven practices considered is the devel opment of six alternative
situations and policies. The use of the nodel here is to show how these
alternatives inmpact net farmrevenue and in turn affect the choice of
the farmer. Utinmately the inplenmentation of any agricultural policy

will rest on the decisions made by the individual farnmer.

The assunption is made in Alternative A that the farmer hires
custom operators to carry out certain tasks in the two extensive crop
rotation practices considered. This results in increased net return for
these two practices. The net revenues devel oped for these two
practices in this alternative are used in Section 6 of the nain
report as part of the base case. Customhiring was not assumed in

Alternatives B through F, follow ng, which are prelimnary.

Alternative B represents a future scenario in which energy prices
nore than double conpared to other prices. This case was devel oped to
illustrate how the farm nodel can be used to exani ne the robustness of

agricultural policies under alternative futures.

The last four alternatives, C, D, Eand F illustrate the effects
of agricultural policies which mght be inplenmented to encourage farners
to adopt practices which are beneficial to water quality or which are
ainmed directly at controlling farmfactor inputs which are detrinental

to water quality.

79



Tabl e A-1. Terraces

Terrace costs were calculated on the basis of cost per |inear
foot of terrace as experienced in the Black Creek Project. This
includes the cost of associated tile drains. Since the slope
length is relatively short conpared to the terrace spacing so that
there is one terrace per slope, as we assuned here, then the approx-
i mate nunber of feet of terrace per acre is calculated by dividing
43,560 (the number of square feet per acre) by the terrace spacing.
This is the method suggested in the Mdwest Farm Pl anni ng Manua

(Third edition, ISU Press, Anes, lowa, 1973, revised 1975).

While not the case in our study, if nore than one terrace per

acre is specified, as in Table A-1, Appendix C, Control of Water

Pollution from Cropland, then the nunmber of feet of terrace per

acre is estimated by dividing 43,560 by the slope length and nul -
tiplying by the nunber of terraces per slope. Oher itens were

calculated as indicated in the footnotes.

It was assuned for sinplification purposes that every acre was
terraced. It should be noted that the values used for terrace spacing,
sl ope length and cost per foot of terrace were generalizations applied
to the whole watershed area, and would vary considerably fromfarmto

farmin actual practice.
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Table A-1

Terrace Costs*

Item Amount
Terrace spacing, feet** 180
Slope length, feet* 300
Nurmber of terraces per slope* 1
Feet of terrace per acre 242
Construction cost per foot terrace ($)*** 1.00
Construction cost per acre (9$) 242
Prorated construction cost ($)+ 25.81
Mai nt enance cost, foot (s)++ 0. 00011
Mai nt enance cost, acre (9$) 0.03
Yearly terrace charge per acre (93) 25. 84
Total yearly terrace charge (250 acres) (9) 6, 460. 00

Assume slope length 300 feet and one terrace per slope.
**  Daniel MCain, District Conservationist, Allen County Soil
Conservation District, estimate for Black Creek Watershed.

*** Janes Lake, Black Creek Project Administrator, estimate for Black
Creek Watershed ($1.00-%$1.25). Joseph Pedon, Agrononist, |ndiana

Soi|l Conservation Service, Indianappolis, reconmended use of |ower figure
to account for increased contractor experience over tine.

+ Assume 15 year life (from Daniel MCain, District Conservationist,
Allen County Soil Conservation District) and interest at 8 percent.
Average yearly interest = [(initial cost + salvage value)/2] x i rate.
Prorated construction cost = average yearly interest + [(initial cost)/
(economic life)]. Assune salvage value = 0.

++  Assumed one-half of maintenance cost used in Sidney James (ed.),

M dwest Farm Pl anni ng Manual, Third edition, |1SU Press, Anmes, |owa,

1973, revised 1975, p. 34, after discussion with Joseph Pedon, Agrononist,
I ndiana Soil Conservation Service.
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Table A-2. Machinery Fixed Costs

Specifications for the farm equi pnent for each farmng
practice were devel oped using the equipnment listed in Table 2,

Appendi x C, Control of Water Pollution from Cropland as a base,

with nodifications appropriate for current farmng practices in
northeastern Indiana. Discussions with [ocal equipnent dealers
and with Dr. Howard Doster, Dr. Harry Galloway and Dr. Donald

Giffith at Purdue University provided information for making

the nodifications.

There are many variations available to the farnmer for each
itemlisted in Table A-2. Here, an attenpt was made to insure that
the equi pnent specified was appropriate for the soil conditions,
reflected current farmng practices for a well managed farm
i ncludi ng recent technol ogy changes and was appropriately sized
so that, for exanple, the plow was not oversized conpared to the

tractor.

Current list prices for the farm machines were cal cul ated,
for the nost part, by averaging |ocal equipnent dealers estinates.
As a check, current Ames, lowa prices were also obtained as well
as a national USDA price index which was used to update the prices

in Appendix C  Control of Water Pollution from Cropland.

Oher itens in Table A-2 were calculated as indicated in the
footnotes using data from Appendix C, Control of Water Pollution
from Cropland, and from the Purdue Crop Budget.
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Tabl e A-2. Machinery Fixed Costs

€8

Yearly
Depreciation Yearly
Initial List Salvage** Economic** (straignt line Taxes, Insurance*** Fixed

Machine Size & Other Specs. Price ($)* Value (%) Life method) and Housing Interest  Cost
Stalk Shredder 12' flail 3,050 13.7 12 219.35 137.25 138,71 495.31
Moldboard Plow 5-16"; high clearance;

sheer bolt 4,000 17.7 10 329.20 180.00 188,32 697,52
Chisel Plow 10'; three bar; straight 2,150 13.7 12 154.62 96.75 97.78 349,15

shank; pull type
Disk 20'; tandem; hydraulic 6,750 17.7 10 555.53 303.75 317.79 1,177.07
Harrow 20'; hydraulic mounted 750 17.7 12 51.44 33.75 35.31 120,50
Sprayer tractor mounted (rear);

120" boom size 1,400 17.7 10 115.22 63.00 65,91 244,13
Planter 4~30"; conventional;

no fertilizer attachments 4,000 17.7 10 329.20 180.00 188,32 697.52
No-t£11l Planter 4-30%; fluted coulters;

no fertilizer attachments 5,500 17.7 10 452,65 247.50 258.94 959, 09
Wheat Drill 12'; with grass seeding

attachments 4,250 9.7 14 274,13 191.25 186.49 651,87
Cultivator 4-30"; rear mount 2,000 17.7 10 164,60 90.00 94.16 348.76
Combine Small (70-80 hp); self-

_propelled; diesel 27,100 18.9 10 2,197.81 1,219.50 1,288.88 4,706.19
Platform 13'; hydraulic; with

cutter bar 3,850 18,9 10 312.24 173.25 183.11 668.60
Corn Head 4-30"; picker-sheller 7,800 18.9 10 632,58 351.00 370,97 1,354.55
Hay Mower/

Conditioner 7' 4,800 12,5 12 350.00 216.00 216.00 782.00
Hay Rake Side delivery 1,250 12.5 12 91.15 56.25 56.25 203,65
Hay Baler PTO; 50~60 1lb bales;

rectangle bales; twine 5,100 21,1 8 502.99 229,50 247.04 979.53

Prices are averages of
of Agricultural

| ocal

. I ndi ana equi pnent deal er 1977 estimtes except for no-till
Econoni cs,

| : planter price which is from the Departnent
lowa State University for 1977.

Table 2 Appendix C, Control of Wter Pollution from Cropland, Vol. ||, U.s.

Gover nnent

Printing Ofice, Washington, D.C., 1976

Taxes two percent, insurance one and a half percent of initial cast, Purdue Crop Budget, p. 22; housing one percent, Appendix C,  Table 2.

+ Ei ght percent per year, Purdue Crop Budget,
[(1+49)/2] r = yearly cost.

Departnent of Agricultural

Economics, Purdue University, Lafayette, Indiana, 1977, p. 22.



Table A-3. Machinery Costs

Data from Table 3, Appendix C, Control of Water Pollution

from Cropland, Vol. Il, were used as the basis for this table.

The eight farm practices considered were devel oped fromthose

listed in Appendix C, Control of Water Pollution from Cropland,

Vol. Il, with nodifications so that they represented sone of the
tillage practices and crop rotations used in the tillage trials
in the EPA Black Creek denonstration project. Dr. Daniel MCain,
Allen County Soil Conservation District, and M. James Morrison
and Dr. Donald Giffith of Purdue University provi ded gui dance for

the selection of the practices described in Table A-3.

The practices were chosen to reflect the effects of changes

in tillage methods and changes in rotation of crops. Continuous
corn and a corn-soybean rotation are each subjected to three
farmng practices, conventional tillage, reduced tillage, and no
tillage. A nore extensive rotation consisting of corn, soybean,
wheat, meadow is also included, subject to two tillage practices,
one in which the meadow i s plowed conventionally before the corn
is planted and the other in which the meadow is treated with herbi-

cide and the corn planted directly in the renaining sod.

Tabl es A-4 through A-12 show el even farm ng practices. These

include the eight fromTable A-3 plus three from Table A-3 with ter-
raci ng added: continuous corn, conventional tillage; continuous

corn, chisel tillage; corn-bean rotation, no-till planting.
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Hours per acre data were taken from Appendix C, Control of

Water Pollution from Cropland, Vol. 11, and reviewed with Bl ack

Creek project personnel. Equipment specification changes nade
some updated figures necessary; sources for updated figures are
noted on the table. Most inplements are used only once over the
field except for disking for chisel plow and hay harvesting equip-
ment. For these inplenents the tines over is variable and the
nunmber shown is the average. Total hours is equal to the product
of hours/acre, acres of use and times over. Repair costs per

100 hours for the harrow were cal cul ated from Appendi x C (Control

of Water Pollution from Cropland, Vol Il) data to be three percent

and for the hay nower/conditioner, seven percent.
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Table A-3.

Machi nery Costs

Repalr Total Yearly
Hours/ Acres, Times Total Cost/ Repair Fixed Total

Implement Acred of use Oover® hours 100 hrs, $ Cost, § Cost, § Cost, §
Corn, fall turn-plow, conventional
moldboard plowe .36 250 1 90 200. uu 180.00 697.52 877,52
disk 10 250 1 25 337.50 84.38 1177.07 1261.45
haxrow .10 250 1 25 22.4%0 5.63 120.50 126,13
sprayer .21 250 1 52.50 70.00 36.75 244.13  280.88
planter 17f 250 1 42.50 320.00 136.00 697.52 815,52
cultivator .21 250 1 52.50 100,00 52.50 348.76 401.26
combine 479 250 1 117.50 542,00 636.85 4706.19 5343.04
corn head .479 250 1 117.50 156.00 183.30 1354.55 1537.85
Total 10,643.65
Corn, fall shred stalks, chisel plow, spring disk
stalk shredder .18 250 1 45 122.00 54.90 495,31 550.21
chisel plow .21h 250 1 52.50 107.50 56.44 349.15  405.59
disk .10 250 1.5 37.50 337.50 126.56 1177.07 1303.63
harrow .10 250 1.5 37.50 22.50 8.44 120.50 128.94
sprayerx .21 250 1 52.50 70.00 36.75 244.13 280.88
planter 17 250 1 42.50 320.00 136.00 697.52 815,52
combine .479 250 1 117.50 542.00 636,85 4706.19 5343.04
corn head .479 250 1 117.50 156.00 183.30 1354.55 1537.85
Total 10,365.66
Corn, fall shred, no -till plant
stalk shredder .18 250 1 45 122.00 54.90 495.31  550.21
sprayer .21 250 1 52.50 70.00 36.75 244.13  280.88
no-till planter .22 250 1 55 440.00 242,00 959.09 1201.09
combine .47Y 250 1 117.50 542.00 636.85 4706.19 5343.04
corn head .479 250 1 117.50 156.00 183.30 1354.55 1537.85
Total

8,913.07

Notes (see following pages)
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Table A-3 (continued)

Repair Total Yearly
Hours/ Acres Times Total Cost/ Repair Fixed Total

Implement Acred of useP Overc hours 100 hrs, $4 cost, $§ Cost, $ Cost, $
Corn-gsoybeans, fall turn-plow, conventional
moldboard plow .36 250 1 80 200.00 180.00 697.52 877.52
digk .10 250 1 25 337.50 84.38 1177.07 1261.45
harrow .10 250 1 25 22.50 5.63 120.50 126,13
sprayer .21 250 1 52,50 70.00 36.75 244.13 280.88
planter 178 250 1 42.50 320.00 136.00 697.52 815,52
cultivatox .21 250 1 52.50 100.00 52.50 348.76 401.26
combine corn .479 125 1
Sorbinc Loybeans ~i0 3% 1 96.25 542.00 521.68 4706.19 5227.87
corn head .479 125 1 58.75 156.00 91.65 1354.55 1446.20
platform .30 125 1 37.50 77.00 28.88 668.60 697.48
Total 11,134.3)1
Corn-soybeans, fall shred, chisel plow, spring disk
stalk shredder ) .18 125 1 22.50 122.00 27.45 495.31 522.76
chigsel plow .210 250 1 52.50 107.50 56.44 349.15 405.59
disk .10 250 1.5 37.50 337.50 126,56 1177.07 1303.63
harrow .10 250 1.5 37.50 22.50 8.44 120.50 128.94
sprayer .21 250 1 52.50 70.00 36.75 244.13 280.88
planter 17F 250 1 42,50 320.00 136.00 697.52 B815.52
combine corn 479 125 1 96.25  542.00 521.68  4706.19 5227.87
combine soybeans .30 125 1
corn head .479 125 1 58.75 156,00 91.65 1354.55 1446.20
platform .30 125 1 37.50 77.00 28.88 668,60 697.48
Total 10,828.87
Corn-soybeans, fall shred, no-till plant
stalk shredder .18 125 1 22,50 122.00 27.45 495.31 522.76
Sprayer .21 250 1 52.50 70.00 36.75 244.13 280.88
no-till planter .22 250 1 . 55.00 440.00 242.00 959.09 1201.09

Notes (see following pages)
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Table A-3 (continued)

Repair Total Yearly

Hours/ Acres Times Total Cost/ Repair Fixed Total

Implement Acre? of useb over®  hours 100 hrs, $d cost, $§ Cost, § Cost, $
4
corn-soybeans, fall shred, no-till plant (continued)
g

;_Z;iﬁ: ‘:g;;:“m '_:Z) igg i 96.25 542.00 521.68  4706.19  5227.87
corn head .479 125 1 58,75 156.00 91.65 1354.55 1446.20
platform .30 125 1 37.50 77.00 28.88 668.60 ©97.48
Total 9,376.28
Corn-soybeans-wheat-meadow, fall turn-plow corn, fall shred, no-till plant others
stalk shredder .18 62.5 1 11.25 122.00 13.73 495.31 509.04
moldboard plow .36 62.5 1 22.50 200.00 45.00 697,52 742.52
disk .10 125 1 12.50 337.50 42.19 1177.07 1219.26
harrow .10 125 1 12.50 22.50 2.81 120.50 123.31
sprayer .21 125 1 26,25 70.00 18.38 244.13 262,51
no-till planter .22 125 1 27.50 440,00 121.00 959.09 1080.09
wheat drill .25 62.5 1 15,63 340.00 52,22 651.87 704.09
combine corn .479 62,5 1
combine soybeans .30 62.5 1 66,88 542,00 362.49 4706.19 5068.68
combine wheat .30 62.5 1
corn head .479 62,5 1 29,38 156.00 45.83 1354,55 1400.38
platform .30 125 1 37.50 77.00 28.88 668.60 697.48
hay mower/conditioner . 349 62,5 3.5 74.38 336.00 249,92 782,00 1031.82
hay rake .30 62.5 3.5 65,63 75.00 49,22 203.65 252.87
hay baler .63 62.5 3.5 137.81 306.00 421.70 979.53 1401.23
Total 14,493.38
Corn-soybeans-wheat-meadow, fall shred, no-till plant
stalk shredder .18 © 62.5 1 11.25 122,00 13.73 495.31 509.04
disk .10 62,5 1 6,25 337.50 21.09 1177.07 1198.16
harrow .10 62.5 1 6,25 22.50 1.41 120.50 121.91
sprayer .21 125 1 26,25 70.00 18.38 244.13 262.51
no-till planter .22 125 1 27.50 440.00 121,00 959.09 1080.09
wheat drill .25 62.5 1 15,63 340.00 52.22 651.87 704.09

Notes (see following page)
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Table A3 (continued)

Repair Total Yearly
Hours/ Acres Times Total Cost/ Repair Fixed Total

Implement Acred of useb over® hours 100 hrs, 3d cost, $ Cost, § Cost, $
Corn-soybeans-wheat-meadow, fall shred, no-till plant {continued)
combine corn .479 62.5 1
combine soybeans .30 62.5 1 66.88 542.00 362.49 4706.19  5068.68
combine wheat .30 62.5 1
corn head .479 62.5 1 29.38 156.00 45.83 1354,55 1400.138
platform . .30 125 1 37.50 77.00 28.88 668.60 697.48
hay mower/conditioner .349 62.5 3.5 74.38 336.00 249.92 782.00 1031.92
hay rake .30 62.5 3.5 65.63 75.00 49.22 203.65 252,487
hay baler .63 62.5 3.5 137.81 306.00 421,70 979.53 1401,23
Total 13,728.36
Not es:
a. Source: Table 3, Appendix C Control

of Water Pollution from Cropland,

b. Acres on which inplement is used each year.
Nunber of trips through field with inplenent.

Conputed as percentage of

list:

price.

shredder; five percent for noldboard plow, chise

plow, cultivator,

unl ess ot herw se noted.

Used two Ipercent for combine, platform corn head, three percent for harrow, four percent for stalk

sprayer, disk; six percent for hay rake, hay baler; seven percent for

hay nower/conditioner; eight percent for planters, wheat drill. Source: Table 3, Appendix C
e. See Table A-2. for equipnent specifications.
f. Dr. Klaus Alt, ISU Ams, |ova.

g. Mdwest Farm Planning Manual, p. 142.
Purdue Crop Budget, p. 30.




Table A-4. Tractor Costs
Tractor hours per acre were calculated by sunm ng the hours

per acre given in Table A-3 for each machine pulled by a tractor for
each practice considered. The disk and harrow were assuned to nove
over the field in tandemfor all alternatives where they are used,
and to average 1.5 times over the field annually for the C B chise
plow option. Additional tinmes over the field were also counted for
t he haying operations such that each time an operation is carried
out (i.e. nowing, raking, baling) tractor usage is increased. The
corn head and platformare attachments to the combine and so their
hours per acre were not included. For the rotation options, hours
per acre figures were adjusted for some inplenents prior to sunm ng,
to reflect the fact that they are crop-specific and not used in al
years of the rotation (the "acres of use" columm, Table A-3, accounts

for this adjustment factor).

O the 0.2 hours per acre added for fertilizer application,
0.1 is for Nand 0.1 for P and K application. For the corn-bean
rotation, fertilizer is only applied once every two years so only
0.1 hours per acre were added. For the CBWM option, 0.125 hours
per acre were added because N, P, K are applied once for corn and

beans and once for wheat and K is applied once for the neadow.

O her cal cul ati ons were conpleted as indicated in the foot-
notes. List prices are averages of |ocal dealer estinates.
Economic life was estimated using information fromthe M dwest
Farm Pl anni ng Manual based on the total annual tractor hours for

each option.
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d. From Sidney James {ed.) Midwuest Farm Planning Manual, 3rd
edition, Revised Printing,

Table 4.7, p. 129.

IS Press,

Ames,

oWy,

1975,

Table A-4.  Tractor Costs
Tillage Practices 3 Rotations Terraces
CBWM CBWM

iten C Conv. C Chisel € No-till}] CB Conv. CHB Chisel CB No-till Part. No-till No-t1ll, Herb. | C Conv. C Chisel CB lo-tal)
Tractor hours
ver acre 1.72 1.59 1.2¢ 1.54 1.32 1.01 1.97 1,85 1.72 1.549 1.01
Total, tractor
hours 473.00 437.25 352.00 347.27 363.00 277.175 541.75 508.75 473.00 437,25 272.75
Tractor initial
costs, § 23,600.00 23,600,00 23,600.00 23,600.00 23,600.00 23,600.00 23,600.00 23,600.00 23,600.00 23,600.00 23,600.00
-Economic life,
years 12 12 13 13 13 14 12 12 12 12 14
Salvage value,
percent® 25.5 25.5 23.5 23.5 23,5 21.5 25.5 25,5 25.5 25.5 21.5
Yearly depreci~
ation, § 1,465.17 1,466,117 1,3w8,77 1,388.77 1,388,77 1,323.29 1,465.17 1,465.17 1,465.17 1,465.17 1,323.29
Taxes, insurance o T
& housing, $ 1,062.00 1,062.00 1,062.00 1,062.00 1,062.00 1,062, 00 1,062.00 1,062,060 1,062.00 1,062.00 1,062,00
Average annual
interest, $9 1,184.72 1,184.72 1,165.44 1,165.84 1,165.84 1,146.96 1,184.72 1,184.72 1,184.72 1,184.72 1,146,96
Total fixed :
costs, § 3,711.8% 3,711.89 3,616.61 3,616.61 3,616.61 3,532.25 3,711.89 3,711.8% 3,711.89 3,711.89 3,532.25
Repair costs,
sh 893.02 825.53 664 . 54 655,65 685,34 524,39 1,022.82 Do, 52 $93.02 825.53 524.39
Total tractor costs,
§ {excl. fuel) 4,604.91  4,537.42 4,281.19Y 4,272.26  4,301.95 4,056.64 4,734.71 4,672.41 4,604.91 4,537.42 4,056,64
Rotes: ¢ = corn; CB = corn~bean; CBWM = coru-bean-wheat-meadow.
a. Assume tractor is required for harvest hauling in amount equivalent e. From Appendix C, Table 4, used values corresponding to appropriate

to time requirements for combine. Add 0.2 hours for application of economic life.

fertilizer with rented implements. £. Taxes 2%, insurance 1.5% of initial cost, Purdue Crop Budget,p.22;
b. 1Increased by 10 percent for idling, travel to field, etc. housing 1%, Appendix C, Table 2.
c. 100 PTO hp diesel (average of local Indiana equipment dealer g. 8% per year, Purdue Crop Budget, p. 22; yearly cost =[(I+S)/2)r.

price estimates). h. 0.8% of list price per 100 hours of use, Appendix C, p. 182.




Table A-5. Fuel Costs

Fuel costs were based on cost per hour for total tractor and
combi ne hours. Tractor fuel costs were estimated according to a
standard formula, 0.044 tines the maxi num PTO hp. Conbi ne fuel
costs were nore conplicated to estimate since data on fuel consunp-
tion are only available on a per acre basis and vary according to
the crop being harvested. The fornula used was gal./acre x 1/
(hours per acre) x $0.50/gal. x 1.15 (for lubrication costs). For

t he corn-soybean rotations and the corn-soybean-wheat - meadow r ot a-

tions the results using the above formula for each crop were

aver aged.
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Table A-5. Fuel Costs
Tillage Practices Rotations Terraces
CBWM CBWM
Item ¢ Conv. C Chisel C No-till] CB Conv. CB Chisel CB No~till Part. No-till No-till, Herb. | C Conv. € Chisel CB Mo-till
Total tractor
hours 473.00 437.25 352.00 347.27 363.00 277.75 541.7% 518,75 473.00 437.2% 277.75
Fuel cost per trac-
tor hour, $2 2.53 2.53 2.53 2.53 2.53 2.53 2.53 2.53 -2.53 2.53 2.53
Tractor fuel
cost, $ 1,196.69 1,106.24 890.56 878.59 918.39 702.71 1,370.63 1,2687.14 1,196.69 1,106.24 702.71
Total combine
hours 117.50 117.50 117.50 96.25 96.25 96.25 66.88 66.88 117.50 117.50 96.25
Fuel cost per
combine hour,$ 1.96 1.96 1.96 2.03 2.03 2.03 2.06 2.06 1.96 1.96 2,03
Combine fuel
cost, § 230.30 230.30 230.30 195.39 195,39 195.39 137.77 137.77 230.30 230.30 195.39
Total fuel
cost, § 1,426.99 1,336.54 1,120.86  1,073.97 1,113.78 898.10 1,508.40 1,424,911 1,426.99 1,336.54 898.10
Notes: C = corxn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

a. Fuel consumption (diesel) gallons per hour =

Budget, p. 24.

b. Fuel consumption (diesel) corn = 1.60 gal./acre; beans, wheat =
ISU Cooperative EXtension Service, Ames, Iowa, May 1976, p. 2.
Purdue Crop Budget, p. 24,

0.044 x PTO hp.
Machinery Costs, ISU Cooperative Extension Service, Ames, Iowa, November 1976, p. 8.

Lubrication at 15% of fuel cost.

Lubrication costs at 15% of fuel cost, George E: Ayres, Estimating Farm
Assume diesel fuel at $0.50/gal., Purdue Crop

1.10 gal./acre, George E. Ayres, Fuel Required for Field Operations,
Assume diesel fuel at $0.50/gal.,




Tabl e A-6. Seed Costs

Seed costs are calculated fromthe estimted anounts of seed
applied per acre and the price of seed per pound or bushel. Seed-
ing rates for corn vary according to soil type and tillage practice.
Wheat and hay seed anounts are constant for the two tillage prac-
tices involving them Soybean seed amounts are increased for reduced

tillage, but are insensitive to soil type.

Seed cost per acre is calculated as the average for all years
of the rotation, if not continuous corn. Total seed cost is deter-
m ned for the whole farm based upon the average annual seed cost

and the total acres farned.
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Table A-6. Seed Costs
Tillage Practices Rotations Terraces
CBWM CBWM
Iten C Conv. C Chisel C No-till| CB Conv. CB Chisel CB No~till Part. No-till No-till, Herb.|{ C Conv. C Chiscl CB Ni-till
<oxn
Seeding rate
(seeds/acre)
A uplands 20,000 20,000 21,000 20,000 20,000 21,000 20,000 21,000 20,000 20,000 21,000
B ridge 22,000 22,000 23,000 22,000 22,000 23,000 22,000 23,000 22,000 22,000 23,000
C lowlands 24,000 24,000 25,000 24,000 24,000 25,000 24,000 25,000 24,000 24,000 25,000
Seed amount, bu,P/acre
A uplands .238 .238 .250 .238 .238 .250 .238 .250 .238 .238 .250
B ridge 262 .262 274 262 .262 274 262 274 .262 . 262 .274
C lowlands . 286 . 286 .258 . 286 . 286 . 298 . 286 .28 .286 . 286 .298
Seed cost, $/acre
A uplands 9.52 9.52 10.00 9.52 9.52 10.00 9.52 10.00 9,52 .52 10
B ridge 0.48 10.48 10.96 10.48 10.48 10.96 10.48 10.96 10.48 10.48 10.9¢
C lowlands 1.44 11.44 11.92 11.44 11.44 11.92 11.44 11.92 11.44 11.44 11
Wheat
Seed amount, bu.d/acre 1.5 1.5
Seed cost, $€/acre 7.13 7.13
Uarr
Hay
Seed amount, 1bs.’/pcre 14.00 14.00
Seed cost, $9/acrp 18.12 18.12
Soybeans
Seed amountiibu.h[acre 1.00 1.00 1.05 1.05 1.05 1,05
Seed cost, $l/acre 10,80 10,80 11.34 11.34 11,34 11,34
Seed cost per
acre, $
A uplands 9.52 9.52 10.00 10.16 10.16 10.67 11.53 11.65 9,52 9.52 10.67
B ridge 10.48 10.48 10.96 10.64 10.64 11.15 11.77 11.89 10.48 10.48 11.1%
C lowlands 11.44 11.44 11.92 11.12 11.12 11.63 12.01 12.13 11.44 11.44 11.6:4

Notes (see following page)
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Tabl e

A-6 (continued)

Tillage Practices

Rotations

Terraces
CBWM CBWM

Item C Conv. C Chisel C No-till} CB Conv, CB Chisel CB No-till Part. No-till No-till, lerb. | C Conv. € Chisel CB No-till
Total seed

cost, $

A upland 2,380.00 2,380.00 2,500.00 2,540.00 2,540.00 2,667.50 2,882.50 2,912,50 2,380.00 2,380.00 2,667.50

B ridge 2,620.00 2,620.00 2,740.00 2,660.00 2,660.00 2,782.50 2,942.50 2,972.50  2,620.00 2,620.00 2,782,545

C lowlands 2,860.00 2,860.00 2,980.00 2,780.00 2,780.00 2,907.50 3,002.50 3,032.50 2,860.00 2,860.00 2,907.50

|
|

Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow,

a. pased on discussions with Dr. Donald Griffith, Purdue University; Rex Journey, Allen County Soil Conservation District.
b, Based on 84,000 seeds per bushel, Appendix C, Table 6.

c. Assume price of $40 per bushel, Adler's Seed, Kokomo, Indiana.
4. Based on discussions with Dr. Harxy Galloway, Purdue University.

e. Assume price of $4.75 per bushel, Adler's Seed, Kokomo, Indiana.

f. Assume 4 1lbs. alfalfa, 6 lbs. orchard grass, 4 lbs. red clover from discussion with Dr. Harry Galloway, Purdue University.

g. Assume prices for orchard grass @ $0.72 per 1lb.; alfalfa @ $2.10 per lb.; red clover @ $1.35 per lb., Indiana Farm Bureau, Indianapolis.
h. Based on discussions with Dr. Harry Galloway, Dr. Donald Griffith, Purdue University.

i. Assume price of $10.80 per bu., Indiana Farm Bureau, Indianapolis.

j. Average annual seed cost,



Table A-7. Fertilizer Costs

Fertilizer costs are calculated fromthe estimted pounds per
acre application of N, P,0g and K,0 for corn, soybeans, wheat and
hay, and the price per pound of these fertilizers. Fertilizer
application rates for corn vary according to soil type and tillage
practice. Application rates are based upon discussions with the
individuals indicated in the footnotes and represent normal expected
application rates for the Black Creek area. Lower yields are expec-
ted on the poorer upland soils and also less N fertilizer is normally
applied. However, nore P205 is applied there. Ten percent nore Nis
used for all no-till alternatives. PO, applications for wheat and
soybeans on the uplands are increased in the sane proportion as for
corn. \Wheat yields are not expected to vary according to |ocation
(soil type) or tillage practice and, therefore, N application for
wheat is constant. Since this is assumed to be a well-managed farm
K,0 is applied to the hay as well as the other crops. Soybeans in
the corn-bean rotation are expected to contribute 10 pounds of N per
acre to the corn. Legumes in the corn-bean-wheat-neadow rotation

are expected to contribute 50 pounds of N per acre. These fertilizer

application rates are appropriate for the Black Creek area.

For the rotations, average annual fertilizer anounts are calcul -

ated and the prices applied to these figures. Total fertilizer cost

is determined for the whole farm based upon these annual costs.

Total fertilizer costs include the rental of application equipment.
For cal cul ating equipnent rental costs it is assuned that the P and

K for the soybeans are applied along with the corn fertilizer in the
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corn year for corn-soybean rotation alternatives and also that Nis
not applied to hay for corn-soybean-wheat-hay alternatives, so

equi pnent costs are correspondingly reduced.
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Table A-7. Fertilizer Costs

. Tillage Practices Rotatiaons Terraces

CBWM CBWM
Item C Conv. C Chisel C No-till| CB Conv. CB Chisel CB No-till Part. No-till No~till, Herb. | C Conv. C Chisel CB No-till
Corn
a
N, lbs/acre a b b a c a
A uplands 125 125 137.5 115 115 126.5 ) 82.5 125 125 126.Sd
B ridge 160 160 176 150 150 165 110 121 160 160 165
C lowlands 160 160 176 150 150 165 110 121 160 160 165
P205, lbs/facre
A uplands 44 44 44 44 44 44 44 44 44 44 44
B ridge 40 40 40 40 40 40 40 40 40 40 40
C lowlands 40 40 40 40 40 40 40 40 40 40 40
K20, lbs/acre 50 50 50 50 50 50 50 50 50 50 50
Hay
X.0, lbs/acre 120 120
wWheat
N, lbs/acre 60 b0
P;0s, lbs/acre
A uplands 44 44
B ridge 40 40
C lowlands 40 40
K20, lbs/acre 40 40
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Table A7 (continued)

Tillage Practices Rotations Terraces
. CBWH CBWM
Itea C Conv. C Chisel € No-till] CB Conv. CB Chisel CB No-tjll Part. No-till No-til), Herb.| C Conv. C Chisel CB No-till ]
Soybeans
P205, lbs/acre
A uplands 11 11 11 11 1l 11
B ridge 10 1o 10 10 10 10
C lowlands 10 10 10 10 10 10
K20, lbs/acre 70 70 70 70 70 70
Average Annual
amount, lbs/acre
N
A uplands 125 125 137.5 57.5 57.5 63.25 33.75 35.63 125 125 63.25
B ridge 160 160 176 75 75 82,5 42.5 45.25 160 160 82.5
C lowlands 160 160 176 75 75 82,5 42.5 45.25 160 160 82.%
P20s
A uplands 44 44 44 27.5 27.5 27.5 24,75 24.75 44 44 27.5
B ridge 40 40 40 25 25 25 22.5 22.5 40 40 25
C lowlands 40 40 40 25 25 25 22.5 22.5 40 40 25
K20 50 50 50 60 60 60 70 70 S0 50 60
Cost of fertilizer
per acre, $%
A uplands 29.11 29.11 30.74 18.11 18.11 18.85 15.39 15.63 29.11 29.11 18,85
B ridge 32.90 32.90 34.98 19.90 19.90 20.88 16.11 16.46 32.90 32.90 20.88

C lowlands 32.90 32.90 34.98 19.90 19.90 20.88 16,11 16.46 32.90 32.90 20.88
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Table A-7 (continued)

Tillage Practices Rotations Terraces
CBWHM CBWM
Jdtem C Conv. C Chisel C No-till] CB Conv., CB Chisel CB No-till Part. No-till No-till, Herb. | C Conv. C Chisel CB No-till
Total cost of
fertilizer, §
A uplands 7277.50 7277.50 7685.00 4527.50 4527.50 4712.50 3847.50 3907.50 7277.50 7277.50 4712.50
B ridge 8225.00 8225,00 8745.00 4975.00 4975.00 5220.00 4027.50 4115.00 8225.00 8225.00 5220.00
C lowlands 8225.00 8225,00 8745.00 4975.00 4975.00 5220.00 4027.50 4115.00 8225.00 8225.00 5220.00
Rental of appli-
cation equipment,
st 262.50 262,50 262.50 131.2% 131.25 131.25 153.13 153.13 262.50 262.50 131.25
Total fertilizer
costs, §
A uplands 7540.00 7540.00 7947.50 4658.75 4658.75 4843.75 4000.63 4060.63 7540.00 7540.00 4843.75
B ridge 8487.50 8487.50 9007.50 5106.25 5106.25 5351.25 4180.63 4268.13 8487.50 8487.50 $351.25
C lowlands 8487.50 8487.50 9007.50 5106.25 5106.25 5351.25 4180.63 4268.13 8487.50 8487.50 5351.25

Notes: C = corn; CB = corn-bean; CBWM = corn-bean~wheat-meadow.

a. Fertilizer amounts based on discussions with Dr. Harry Galloway, Dr. Donald Griffith, Purdue University and Rex Journey, Allen County
Soil Conservation District.

b. Assumes 10 1b credit from soybeans to corn, from discussions with Dr. Harry Galloway, Purdue University.

c¢. Assumes 50 lb credit from legumes to corn, from discussions with Dr. Harry Galloway, Purdue University.

d. Assume 10 percent increase in N application for all no-tillage alternatives, from discussions with Dr. Harry Galloway, Purdue University.

e. Assume N as NH_.

f. Assume $0.70/acre for NH

Prices per 1lb are $0.13 for N, $0.19 for PZDS' and $0.09 for K20, Purdue Crop Budget.

index from 1974 to 1976 of 1.415.

knife and $0.35/acre for 4-ton bulk spreader, Appendix C, Table 7 figures updated using USDA equipment price




Tabl e A-8. Pesticide Costs

Pesticide costs were cal cul ated based on recommended applications
of appropriate herbicides and insecticides for the soil types, tillage
practices and rotations considered. The follow ng factors were accounted
for:

-No tillage options require nore herbicides because no cultivation
is used to destroy weeds.

- The corn-bean-wheat - meadow al ternative in which the cornis
planted directly into the sod requires an additional type of
herbicide to kill the remaining hay.

-A different herbicide conbination is used for corn than soybeans.

-The corn-soybean rotation is assuned to prevent a corn rootworm
probl em but increases the likelihood of a cutworm problem

-Cutworm has a higher probability in no tillage options due to the
anmount of residue remaining

-Wrewrm may be a problem where nmeadow is part of a rotation.

-Insecticides are not generally applied to soybeans.

For all the options considered, a risk averse farmer is assuned,
who applies pesticides when there is a likelihood that they will be
needed. In actuality, the use of the insecticides, particularly, wll

vary from farmto farm depending on |ocal conditions.

Using current prices, cost per acre for each crop was calcul ated
and then nultiplied by the nunber of acres which would be in that crop

inthe rotation. Total cost is the sumof the costs for each crop
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Tabl e A-8. Pesticide Costs

' Tillage Practices otations [ O,
Aranngl SAQTTATES AR A AR ACLLalld
CBWM CBuWM
Iten C Conv. C Chisel C No~till| CB Conv. CB Chisel CB No-till Part. No-till No-till, Herb. | C Conv. C Chisel JB No-till}
Corn, Amounts
Herbicide® (Lasso-
Atrex comb.), gt
A uplands 3.50 3.50 4.67 3.50 3.50 4.08 3.50 3.50 3.50 3.50 4.08
B ridge 3.00 3.00 4.00 3.00 3,00 3.50 3.00 3.00 3.00 3.00 3.50
C lowlands 4.00 4.00 5.33 4.00 4.00 4.67 4.00 4.00 4.00 4.00 4.67
Herbicide (Para-~
_qat), gt 1.00 1.00 1.00 1.00
Herbicide (2-4-D),
pt 1.00
Insecticideb
furadan) , lb aciive 1.33 i.33 i.33 1.33 1.33
{counter), 1b active 1.33 1.33
lorsban), 1b form. 8.87 8.87 8.87 8.87 8.87 8.87 8.87
Soybeans, Amounts
Herbicide (Lasso)qt
A uplands 1.75 1.75 2.04 2.04 2.04 2.04
B ridge 1.50 1.50 1.75 1,75 1.7» 1.7%
C lowlands 2.00 2.00 2.33 2.33 2.33 2,33
Hexbicide {Sencoz) ib
A uplands .38 .38 .38 .38 .38 .38
B ridge .25 .25 .25 .25 .25 .25
C lowlands .50 .50 .50 .50 .50 . S0
Corn, Cost
Herbicide, s$/acre®
A uplands 13.51 13.51 26.78 13.51 13.51 24.50 13.51 23.76 13.51 13.51 24.50
B ridge 11.59 11.59 24.19 11.59 11.59 22.26 11.59 21.84 11.59 11.59 22.26
C lowlands 15.44 15.44 28.36 15.44 15.44 26.78 15,44 25.69 15.44 15.44 26.78
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Table A-8. (Continued)
Tillage Practices Rotations Terraces
; . . . CBWM CBWM

Item C Conv. ¢ Chisel C No~til)]| CB Conv. CB Chisel CB No-till Part, No-till No-t1ll, Herb. ] C Conv. C Chisel Cp Ms-t1l}
Corn, Cost (continued)

Ingecticide, S/acred 9.31 9.31 18.36 9,05 9.05 9.05 17.14 17.14 9,31 9.31 9.05
Acres 250 250 250 125 125 125 62,5 62.5 250 250 125
Total cost, $

A uplands 5705.00 5705.00 11,285.00 2820.00 2820.00 4193.75 1916.63 2556.25 §705.00 5705.00 4193.75%
B ridge 5225.00 5225.00 10,637.50 2580.00 2580.00 3213.75 1795.63 2436.25 5225.00 5225.00 3913.75
C lowlands 6187.50 6187.50 11,930.00 3061,25 3061.25 4478.75 2036.25 2676.88 6187.50 6187.50 4478.75
Soybeans, Cost

Herbicide, S/acre®

A uplands 13,76 13.76 14.95 14,95 14.95 14.95
B ridge 10.46 10.46 11.49 11.49 11.49 11.49
C lowlands 16.90 16.90 18.24 18.24 18.24 18.24
Acxes 125 125 125 62,5 62.5 125
Total cost, $ :

A uplands 1720.00 1720.00 1868.75 934,38 934.38 1868.75
B ridge 1307.50 1307.50 1436.25 718.13 718.13 1436.25
C lowlands 2112.50 2112.50 2280.00 1140,00 1140.00 2280.00
Total Pesticide
Costs, §

A uplands 5705.00 5705.00 11,285.00 4540, 00 4540 00 6062, 50 2850.01 3490.63 5705.00 5705.00 6062, 50
B ridge 5225,00 5225.00 10,637.50 3887,50 3887.50 5350,00 2513.76 3154.38 5225.00 5225.00 $350,00
C lowlands 6187.50 6187.50 11,930.00 5173.75 5173.75 ©758.75 3176.25 3816.88 6187.50 6187.50 6758.75
Noteg: € = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow,

a. Herbicide types and application rates based on discussions with Dr. Jamés Williams, Purdue University,

Insecticide types and application rates based on discussions with Dr. Thomas Turpin, Purdue University and Dr. David Pimental, Cornell University.

For the base case alternative it was assumed that all insecticide possibly necessary is applied to each acre. This assumption results in an

upper bound for chemical costs.

e. 1ass0.$4.05/qt, Sencor $17.60.lb, Indianapolis Farm Bureau.

Furadan $7/1b active, Counter $6.08/bl active, Indianapolis Farm Bureau; Lorsban $1.02/1b, Dow Chemical Co., Indianapolis, Indiana.

Treatment for observed damage and associated costs are included in Alternative E, Insecticide Scouting.
Lagso$4,05/1b active, Atrex §3.67/qt, Paraquat $8.75/qt, 2-4-D ester $1.50/pt, Indianapolis Farm Bureau prices, Spring, 1977.




Tabl e A-9. Labor Costs

Labor costs are calculated fromdirect |abor hours plus overhead and
hourly |abor wage rates. The direct |abor hours are the sum of total
tractor hours plus total conbine hours. The overhead rate covers general
farm overhead costs in addition to |abor overhead. An average farm wage

rate for Indiana was used.
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Table A-9. Labor Costs
Tillage Practices Rotations Terraces
CBWH CByM
Item C Conv. C Chisel € No-till| CB Conv. CB Chisel CB No-till Part. No-till pNo-till, Herb.] C Conv. C Chisel CB HWa-~till
Total directa ,
labor, hours 590.50 554.75 469.50 464.77 459,25 374.00 606,063 575.63 590,50 554.75 374.00
Overhead (30%),
hours 177.15 166.43 140.85 139.43 137.78 112.20 182,59 172,69 177.15 166.43 112.20
Total labor, hours 767.65 721.18 610.35 604.20 597.03 486.20 791.22 748.32 767.65 721.18 486.20
Cost per hour, Sb 2.80 2.B0 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80
Total labor
costs, $ 2149.42 2019.30 1708.98 1691.76 1671.68 1361.36 2215.42 2095.30 2149.42 2019.30 1361.36

Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

a. Tractor hours plus combine hours.

b. Indiana Crop and Livestock
a ivi

........ —F >

average of Fiel

Ry

nd Lives

Statistics, Purdue University Agricultural Experiment Station, August 1977, Table 89, “Farm Wage Rates,” used
O

O L P NP
OrRers and macnine Uperators.




Table A-10. Oher Costs
Corn drying costs were estimated fromthe expected crop yield
and the costs of elevator drying. It was assumed that all the corn
harvested woul d require an average of ten points of noisture renoved.

It was assumed that soybean's did not require drying.

Interest on operating capital was calculated for each item of
expense based on an annual interest rate of 8-1/2 percent. Except for
fertilizer and | abor costs the interest was charged for the period

indicated on the table for each item

Fertilizer costs were divided into nitrogen costs which were
assumed to be carried for about twelve nonths and phosphorous and
potash costs which were carried approxi mately eight nonths. The
actual cal culation was done as follows: Fertilizer costs x 8/12 x
.085 x 1.35 (factor to account for differences in capital carrying

time) - Fertilizer cost - .0765 = Interest on Qperating Capital for

Fertilizer.

Interest on operating capital for labor is based on a variable
| abor force over the year; for exanple, additional |abor required during
harvesting is not included in the interest calculation. The calculation
was carried out as foll ows: (Tractor hours - harvest hours) x 2.80 x 3/12

X .085 x 1.46 (adjustment factor) = Interest on Operating Capital for Labor

Total other costs are the sumof drying costs and interest costs.
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Table A-10. CQher Costs
Tillage Practices Rotations Terrxaces
CBWH CBWH
Item C Conv. C Chisel C No-till| CB Conv. CB Chigsel CB No-till Part. No-till No-till, Herb. ] C Conv. C Chisel CB No-till
Corn Drying
Grain harvested, bu.
A uplands 26,250 26,250 24,937.50 13,781.25 13,781.25 13,781.25 7,218.75 7,218.75 28,000 28,000 14,656.2%
B ridge 32,500 32,500 32,500 17.062.50 17,062.50 17,062.50 8,937.50 8,937.50 34,250 34,250 17,937.50
C lowlands 32,500 32,500 26,000 17,062.50 17,062.50 15,356.25 8,937.50 8,490.63 34,250 34,250 16,231.25
Cost per bu., $2 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Total cost
A uplands 4,200 4,200 3,990 2,205 2,208 2,205 1,155 1,155 4,430 4,480 2,345
B ridge 5,200 5,200 5,200 2,730 2,730 2,730 1,430 1,430 5,480 5,480 2,870
C lowlands 5,200 5,200 4,160 2,730 2,720 2,457 1,430 1,354.50 5,480 5,480 2,597
Interest on.Operating
CaEitalb
Fertilizer (8 mo.)
A uplands §76.81 576.81 ©607.98 356.39 356.39 370.55 306.05 310.64 576.81 576.81 370.55
B ridge 649.29 649.29 689.07 390.63 390.63 409.37 319,82 326,51 649.29 649.29 409.37
C lowlands 649.29 649,29 689.07 390.63 390.63 409.37 319.82 326.51 649.29 649.29 409, 37
Seed (8 mo.) -
A uplands 134.87 134.87 141.6 143.93 143.93 151.16 163.34 160.22 134.87 134.87 151.16
B ridge 148.47 148.47 155.27 150.73 150.73 157.96 166.74 163.62 148.47 148.47 157.90
C lowlands 162,07 162.07 168.8 157.53 157.53 164.76 170.14 167.02 162.07 162.07 164.76
Pesticide (6 mo.}
A uplands 242.46 242.46 479.61 152.85 1%2.95 257.66 121.13 148,35 242.46 242.46 257.66
B ridge 222.06 222.06 452.09 165.22 165.22 227.38 106.83 134,06 222.06 222,06 227.38
C lowlands 262.97 262,97 507.03 219.88 219.88 287.25 134.99 162.22 262.97 262.97 287.25
Fuel {3 wo.) 30.32 28,40 23.82 22,82 23.67 19.08 32,05 30,28 30,32 28,40 19.08
Labor (3 mo.) 30.88 27,78 20.37 21.81 23.17 15.77 17.12 14.25 30.88 27.78 15.77
Total Interest
A uplands 1,015,34 1,010,232 1,273.45 737.90 740.11 814,22 639.69 663.74 1,015.34 1,010.32 214.22
B ridge 1,081.02 1,076.00 1,340.62 751.21 753.42 829.56 642.56 668,72 1,081.02 1,076.00 829,56
C_lowlands 1,136,53  1,131.51  1,409.16 812.67 814.88 896,23 674,12 700,28 1,136.53 1,131.51 896.23
Total Other Costs
A uplands 5,215.34 5,210.32 5,263.45 2,942.90 2,945.11 3,019.22 1,794.69 1,814.74 5,495.34 5,490.32 3,159.22
B ¥1d9e ) 6,281,02 6,276.00 6,540.62 3,481.21 3,483.42 3,559.56 2,072.56 2,098.72 6,561.02 6,556.00 3,699,56
C lowlands 6,336,533 6,331.51 5,569.16 3,542.67 3,544.88 3,353.23 2,104,212 2,058.78 6,616.53 6,611.51 3,493.23

Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

a. Elevator drying costs for corn for 10 pts. removed, Purdue Crop Budget, p. 6.

b. Assume interest at 8.5 percent, Purdue Crop Budget, p. 8.




Table A-11. Revenue

Gross revenue was cal culated fromthe expected yield per acre for
each crop, the nunber of acres planted with each crop and the expected
price. Expected yields for corn and soybeans vary according to soi
type and farming practice. Crops on wetter soil types do not respond
as well to decreased tillage as on other soils. Lower yields are
expected on the poorer upland soils for all tillage practices. Rotations
tend to increase corn yields. Hay yields are responsive to soil types
whereas wheat yields are not. Tillage practices for wheat and hay do
not vary for the two rotations using themand so yields are not affected.
These yields are appropriate for the Black Creek area. The addition of
terracing was assuned to create better drainage and to all ow one week

earlier planting time with yield advantage of one bushel per day.

It should be noted that gross revenue is, of course, very sensitive

to the crop prices chosen.
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Table A-11.  Revenue
Tillage Practices Rotations Terraces®
CBWM CBWM

Item C Conv. C Chisel C Nu-till]| CB Conv. CB Chisel CB No-till Part. No~till No-till, Herb.| ¢ Conv. € Chisel CB Ha-till
Corn
Expected yield,
bu/acrea

A uplands 105 105 99.75 110.25 110.25 110.25 115.50 115.50 112 112 .

B ridge 130 130 130 136.50 136.50 136.50 143 143 137 137 143,50
C lowlands 130 130 104 136,50 136.50 122.85 143 135.85 137 137 129.85
Area cropped, acres 250 250 250 125 125 125 62.50 62.50 250 250 125
Total output, bu

A uplands 26,250 26,250  24,937.50 13,781.25 13,781.25 13,781.25 7,218.75 7,218.7% 28,000 28,000 14,656.25
B ridge 32,500 32,500 32,500 17,062.50 17,062.50 17,062.50 8,937.50 8,937.50 34,250 34,250 17,937.50
C lowlands 32,500 32,500 26,000 17,067.25 17,062.50 15,356.25 8,937.50 8,490.63 34,250 34,250 16,231.25
Expected price/
$/bu 2 2 2 2 2 2 2 2 2 2 2
Gross Revenue, $

A uplands 52,500 52,500 49,875 27,562.50 27,562.50 27,562,550 14,437.50 14,437.50 56,000 56,000 29,312.50
B ridge 65,000 65,000 65,000 34,125 34,125 34,125 17,875 17,875 68,500 68,500 35,875

C lowlands 65,000 65,000 52,000 34,125 34,125 30,712.50 17,875 16,981.26 68,500 68,500 32,462.50
Soybeans
Expected yield,

bu/acre?

A uplands 30 30 27 27 27 29

B ridge 40 40 38 38 38 40

C lowlands 40 36 32 32 32 34
Area cropped, acres 125 125 125 62.5 62.5 125
Total output, bu

A uplands 3,750 3,750 3,375 1,687.50 1,687.50 3,625

B ridge 5,000 5,000 4,750 2,375 2,37% 5,000

C lowlands 5,000 4,500 4,000 2,000 2,000 4,250
Expected price,

$/bu 5 5 5 5 5 5
Gross Revenue, $

A uplands 18,750 18,750 16,875 8,437.50 8,437.50 18,125

B ridge 25,000 25,000 23,750 11,875 11,875 25,000

C lowlands 25,000 22,500 20,000 10,000 10,000 21,250
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Table A-11 (continued)

Tillage Practices

Rotations Terraces"
CBWM CBWM
Item C Conv. C Chisel C Wo-till| CB Conv. CB Chisel CB No-till Part. No-till No-till, Herb.| C Conv. C Chisel CB No-till
Wheat
o
Expected yield,
bu/acre @ 45 45
Area cropped, acres 62.50 62.50
Total output, bu 2,812.50 2,812.50
Expected price,
$/bub 2.50 2,50
Gross Revenue, § 7,031.25 7,031.25
Hay
Expected yield,
tons/acre
A uplands 3.50 3.50
B ridge 4 4
C lowlands 4 4
Area cropped, acres 62.50 62,50
Total output, tons
A uplands 218.7% 218.75
B ridge 250 250
C lowlands 250 250
Expected price,
$/tond 60 60
Gross Revenue, §
A uplands 13,215 13,125
B ridge 15,000 15,000
C lowlands 15,000 15,000
TOTAL GROSS
REVENUE, $§
A uplands 52,500 52,500 49,875 46,312.50 46,312.50 44,437.50 43,031.25 43,031.25 56,000 56,000 47,437.50
B ridge 65,000 65,000 65,000 59,125 59,125 57,875 51,781.25 51,781.25 68,500 68,500 60,875
C lowlands 65,000 65,000 52,000 59,125 59,125 50,712,50 49,906.25 49,012,50 68,500 68,500 53,712.50
Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

a. Yield levels based on discussions with Dr. Harry Galloway and Dr. Donald Griffith, Purdue University. Yield reductions for no-till

are preliminary and may change with more infrrmation.

b. Purdue Crop Budget, Department of Agricultural Economics, Purdue University, Lafayette, Indiana, 1977, p. 7,

c¢. 7 bu/acre corn yield advantage with terracing due to better drainage, 2 bu/acre soybean yiald advantage.

d. Based on discussions with Rex Journey, Allen County Soil Conservation pistrict.

No~till yields are highly dependent on soll type and weed control.




Table A-12.  Sunmary

This table is straightforward. Al costs were added for each
farmng practice alternative and then subtracted from gross revenue to
give net return. Land costs were not included since these were assuned
to be the sane for each soil type no natter what farming practice is
used. It should be noted, however, that when we elinminated |and costs
fromthe summary calculation we elimnated a variable which mght tend
to equalize return anong farmers located on different soils. For exanple,
an upland farm may have much |lower land costs than a | ow and farm which
m ght counterbal ance the differences in net return. Due to the use of
a percentage factor added to | abor costs to cover farm overheads as well
as to the elimnation of land costs, the net revenue values are nost

useful for relative conparisons anong alternatives rather than as neasures

of actual profit.
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Table A-12. Summary

Tillage Practices Rotations Terraces
Covl CBWNM
Item C Cony, C Chisel C No-till] CB Conv. CB Chisel CB No-till Part. No-till No-till, Herb.| C Conv, C Chisel CB No-till
Gross Revenue, §
A uplands 52,500 52,500 49,875 46,312.50 46,312.50 44,437.50 43,031.25 43,031.25 56,000 56,000 47,437.50
B ridge 65,000 65,000 65,000 59,125 59,125 57,875 51,781.25 51,781.25 68,500 68,500 60,875
Ctlowlands 65,000 65,000 52,000 59,125 59,125 50,712.50 49,906.25 49,012.50 68,500 68,500 53,712.50
Costs
Tractor (excl.
fuel) 4,604.91  4,537.42 4,281.19  4,272.26 _ 4,301.95 4,056.64 4,734.71 4,672.41 4,604.91  4,537.42 4,056.64
Implements
(excl. fuel) 10,643.65 10,365.66  8,913.07 11,134.31 10,828.87 9,376.28 14,493.38 13,728.36 10,643.65 10,365.66 9,376.28
;ue; 1,426.99 1,336.54 1,120.86 1,073.97 1,113.78 898.10 1,508.4Q 1,424.91 1,426.99  1,336.54 898,10
{14
A uplands 2,380 2,380 2,500 2,540 2,540 2,667.50 2,882.50 2,912.50 2,380 2,380 2,667.50
B ridge 2,620 2,620 2,740 2,660 2,660 2,787.50 2,942.50 2,972.50 2,620 2,620 2,787.50
C lowlands 2,860 2,860 2,980 2,780 2,780 2,907, 50 3,002.50 3,032.50 2,860 2,860 2,907.50
Pertilizer
A uplands 7,540 7,540 7,947.50 4,658.75 4,658.75 4,843.75 4,000.63 4,060.63 7,540 7,540 4,843.75
B ridge 8,487.50 8,487.50 9,007.50 5,106.25 5,106.25 5,351.25 4,180.63 4,268.13 8,4R87.50  8,487.50 5,351.25
C lowlands 8,487.50 8,487.50 _ 9,007.50 _ $,106.25 5,106.25 5,351.25 4,180.63 4,268.13 8,487.50  8,487.50 5,351.25
Pasticides
A uplands 5,705 5,705 11,285 4,540 4,540 6,062.50 2,850.01 3,490.63 5,705 5,705 6,062,50
B ridge 5,225 5,225 10,637.50 3,887.50  3,887.50 5,350 2,513.76 3,154.38 5,225 5,225 5,350
C lowlands 6,187.50  6,187.50 11,930 5,173.75  5,173.75 6,758.75 3,176.25 3,816.88 _ 6,187.50 6,187.50 6,758.75
Labox 2,149.42  2,019.30 1,708,958  1,691.76  1,671.68 1,361,36 2.215,42 2,095, 30 2,149.42  2,019.30 1,361.36
Terracing 0 0 [5) 0 0 0 0 0 6,460 6,460 6,460
Other
A uplands 5,215.34 5,210.32 5,263.45 2,942,90 2,945.11 3,019.22 1,794.69 1,818.74 5,495.34  5,490.32 3,159.22
B ridge 6,281.02 6,276 6,540.62 3,481.21 3,483.42 3 559.56 2,072.56 2,098.72  6,561.02 6,556 3,699.56
C lowlands 6,336.53  6,331.51  5,569.16  3,542.67  3,544.88 3,353, 23 2.104,12 2.058.78 6,616.53  6,611.51  3.493,23
Total Cost (Net of
Land Cost)
A uplands 39,665.31 39,094.24 43,020.05 32,853.95 32,600.14 32,285.35 34,479.74 34,203.48  46,405.31 45,834.24  38,885.35
B ridge 41,438.49 40,867.42 44,949.22 33,307.01 33,053.45 32,740.69 34,661.36 34,414.71  48,178.49 47,607.42  139,340.69
C lowlands 42,696,50 42,125.43 45,510.76 34,774.97 34,521.16  34,063.11 35,415.43 35,097.27  49,436.50 48,865.43  40,663.11
Net Raturn (Excl.
Land Costs)
A uplands 12,834.69 13,405.76 6,854.95 13,458.55 13,712.36 12,152.15 8,551.51 8,827.77 9,594.69 10,165.76 8,552.15
B ridge 23,561.51 24,132.58 20,050.78 25,817.99 26,071.55 25,134.31 17,119.89 17,366.54  20,321.51 20,892.58 21,534.31
C lowlands 22,303.50 22,874.57  6,489.24 24,350.03 24,603.84 16,649.39 14,490.82 13,915.23  19,063,50 19,634.57 13,049.39

Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.



Table A-13. Net Revenue Ranking

Tabl e A-13 shows the ranking of the farmng practice options
according to net revenue, fromthe highest revenue producing alternative
to the lowest. The rankings are shown for each soil type and also for

all soil types simultaneously.

For all soil types the corn-soybean chisel plow option is the best,
better than conventional tillage although only slightly better. Since
gross revenues are the sane for both of these options, the difference
is caused by the slightly | ower equipnent costs for the chisel plow

option (see Table A-12, Summary).

It is interesting to note that the corn-soybean rotation options
usi ng chisel and conventional tillage produce nore revenue than continuous
corn. This is not prinarily due to a favorable corn-soybean price ratio as can
be seen fromthe gross revenue rows in Table A-12. The difference is caused
inlarge part, by the higher fertilizer and pesticide costs which the
addi tion of soybeans in the rotation helps to reduce. Labor hours are

al so a factor because harvesting soybeans is quicker than harvesting corn

The no-till options, for both the corn-soybean rotation and conti nuous
corn, produce |ess revenue (rmuch |ess for continuous corn on the uplands
and | ow ands) than conventional or chisel tillage. This is caused by
two factors, a lower yield conbined with high pesticide costs. The
extra pesticide is needed to kill weeds which are nore abundant due to

lack of plowing and to eradicate insects which the residue tends to

encourage. The no-tillage options are nore suited to better drained soils

as illustrated by the very good yield for the corn-soybean no-tillage option
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for the ridge soils in Table A-11 and the correspondi ngly high net revenue ranking.

The corn-soybean-wheat - neadow rotation options produce |ess revenue
than the corn-soybean and continuous corn options, generally. Even though
many costs such as for pesticides are |ower for these options and though
corn yields are quite high (see Table A-11), the |l oss of revenue from put-
ting half the acreage into wheat and hay instead of corn or corn and
soybeans is so great that the net return for these options is |ow.

Equi prent costs are also very high for these rotation options (see

Alternative A).

The terrace options produce |ower net revenue than the other options
because the cost of installing terracing is not outweighed by the yield
advantage gai ned by inproved drainage. The terrace options follow the
same pattern as the non-terraced options, chisel plowing being nore
[ucrative than conventional tillage and that in turn better than no-
tillage except for the ridge farmwhere the yield advantage of the better

drained soils makes this option nore attractive.

When all soils are considered together it can be seen that the
ridge soils, generally speaking, produce the nmost revenue, although
there is not much of a difference between ridge and | owl and soils for
conventional and chisel tillage. The small differences between these
soils for these two tillage practices is caused by the slightly higher
seed and pesticide cost borne by the lowand farms. Wen the no-tillage
practice is enployed there is a greater difference in yields between
the ridge and | ow and soils, caused mainly by the |owered yields on the

| oWl ands. The upland soils are much poorer than the other tw soils and
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are associated with a rmuch lower yield resulting in consistently |ower

net

This practice is just not suited to a wet,

revenues for all

farm ng practices except no-tillage on the | ow ands.

poor | y-drained soil,

SO its

poor performance is reflected in a very |ow net return.
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Table A-14. Soil Loss Ranking

Table A-14 shows the farming practice options ranked according to |eve
of soil loss, expressed in tons per acre, fromlow |losses to high |osses
As one woul d expect, the corn-soybean-wheat-neadow options with half the
acreage in a grass cover crop have the | owest soil |osses for each of the
soil types considered. The partially plowed CBWM option | oses nore soi
than the herbicide option since plow ng turns under the neadow sod. The
no-tillage practice |owers runoff because nore residue renmains to retain
the water. Terracing is a structural measure which prevents water from
flowing off the field as quickly as it otherwise would. Chisel plow options
al so produce less soil loss than conventional tillage options since nore
residue remains after chisel plowing than after nol dboard pl owi ng which
turns the soil conpletely over. Soil loss on the corn-soybean rotations

is higher than on the continuous corn options because soybean residue is

not as bulky as corn residue

Taking all the soils together and ranking the farm ng practices,
shows that, as one would predict, soil loss is greatest for the nore
erosive upland soils with the greatest slope, less for the ridge, and
| onest for the |ow ands which have al nost no slope. The range of soi
loss is quite large, going fromless than one ton per acre lost fromthe
cor n- soybean- wheat - neadow option on the |ow ands to al nost 28 tons per

acre from the conventionally tilled corn-soybean rotation on the uplands,

As indicated in the footnote on Table A-14, the colum showi ng tons
per acre of soil lost fromthe farm ng practice options can be used to

visualize the effects of a soil loss restriction policy. If a linit
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were set at two tons per acre, for example, then all the practices ranked
below that linmt would not be allowed. This policy would have an unequal
effect on farms depending on where they are located. It would force all
farnms | ocated on the uplands and ridge to nove to a meadow rotation (this
concl usi on assunes, of course, that all rotation possibilities available
to the farmer have been considered in our ranking). Referring back to
Table A-13, Net Revenue Ranking, it can be seen that the farmlocated on
the | oW ands woul d make out the best in terns of profit under such a
policy. In fact, farmers owning | ow ands woul d probably experience w nd-
fall gains in the short termsince their |and woul d becone relatively nuch
more valuable. Such a farner could still use his mpst profitable option,
a chisel plowed corn-soybean rotation. Farmers on the ridge would be
forced to switch to one of ther |owest net revenue options; they would

| ose the nost revenue under such a policy. Farmers on the uplands woul d
al so lose revenue by switching to a less profitable option. Al though they
woul d have the | owest net revenue under this soil loss restriction policy,

they also made less in the unrestricted case.
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loss restrictions of the tonnages given per acre were inposed,

then only the farming practices on the soils indicated | ocated above the arrow
woul d be pernissible.
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Alternative A Custon \Weat, Hay
This alternative was designed to exam ne the effects of using

custom operations instead of purchasing wheat and hay equipment. It
was chosen because it appeared that the base case assunption, that a
farmer noving to a corn-soybean-wheat-hay rotation would purchase
speci al i zed equi prent for planting wheat and harvesting hay, was sone-
what unrealistic. This is especially true since the hay is only grown
on one quarter of the farm acreage. |In fact, the farnmer mpst probably
woul d hire in help and equipment to carry out these operations for him

This was the assunption made in the Alternative A tables.

Table A-3A lists the equipment used in the two corn-soybean-wheat -
hay options along with the custom operations and their costs which
woul d be substituted for some of the equipnent in the base case exanple.
The rates listed are averages for Northern Indiana and come fromthe
Cooperative Extension Service. The table shows the total equipnent and
custom operation cost for each alternative which nay be conpared with

the totals in Table A-3.

The total tractor hours for the customalternatives would not be
the same as for the two base case wheat, hay options because of the
equi prent changes di scussed above. Fewer tractor hours would be required
to haul fewer inplenents. Table A-4A shows the altered tractor hour per
acre figure and traces the resulting tractor cost charges. Fuel cost
woul d be sinilarly affected and this is shown in Table A-5A.  Labor costs
are dependent on tractor hours and are therefore also |owered with the

addition of the custom operations. This is illustrated in Table A 9A
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Table A-3A. Machinery Costs -- Custom Weat, Hay Alternative

Total Custom Total
non-custom cost pexr Custom Custom Total
Item cost, $ acre, $b acres cost, $ cost, $
Corn-soybeans-wheat-meadow, fall turn-plow corn, fall
shred, no-till plant others
stalk shredder 509.04 - - - 509.04
mold board plow 742.52 - - - 742.52
disk 1,219.26 - - - 1,219.26
"harrow 123.31 - - - 123.31
sprayer 262.51 - - - 262.51
no-till planter 1,080.09 - - - 1,080.09
combine corn, soybeans, wheat 5,068.68 - - - 5,068.68
corn head 1,400.38 - - ~ 1,400.38
platform 697.48 - - - 697.48
custom drilling wheat and meadow - 3.63 62.5 226.88 226.88
custom hay mowing/conditioning, one operation C- 5.63 62.5 351.88 351.88
custom raking hay - 2.66 62.5 166.25 166,25
custom baling hay® ~- uplands - 25.34 62.5 1,583.75 1,583.75
-- ridge and lowlands ~ 28.97 62.5 1,810.63 1,810.63

Total -- uplands 11,103.27 37.26 62.5 2,328.75 13,432.02

—— ridge and lowlands 11,103.27 40.89 62.5 2,555.63 13,658.90

Corn-soybeans-wheat-meadow, fall shred, no-till plant

stalk shredder 509.04 - - - 509.04
disk 1,198.16 - - - 1,198.16
harrow 121.91 - ~ - 121.91
sprayer 262.51 - - - 262.51
no-till planter 1,080.09 - - - 1,080.09
combine corn, soybeans, wheat 5,068.68 - - - 5,068,648
corn head 1,400.38 - - - 1,400.38
platform 697.48 - - - 697.48
custom drilling wheat and meadow - 3.63 62.5 226.88 226.88
custom hay mowing/conditioning, one operation - 5.63 62.5 351.88 351.88
custom raking hay - 2,66 62.5 166.25 166.25
custom baling hay -- uplands - 25,34 62.5 1,583,75 1,583.75
~- ridge and lowlands - 28.97 62.5 1,810.63 1,810.63

Total -- uplands 10,338.25 37.26 62.5 2,328.75 12,667.00
~- ridge and lowlands 10,338.25 40.89 62.5 2,555.63 12,893.88

a. From Table 3.

b. Source: Indiana Custom Rates, EC~130 (Rev.), Cooperative Extension Service, Purdue University, West Lafayette, Indiana, 1976.
Rates given are average 1976 prices for Northern Indiana; Black Creek Watershed is in Northern Indiana.

c. Custom hay baling rate from ahove source is $0.21 per 58 lb bale so rates given vary according to yield variations.



Tabl e A-4A

Tractor Costs -- Custom Wheat, Hay Alternative

CBWM CBWM
Parti al No-till
[tem No-till Her bi ci de
Tractor hours per acre” .79 . 68
Total tractor hoursb 217.25 187.00
Tractor initial costs, $° 23, 600. 00 23, 600. 00
Economic life, yearsb 14 15
Sal vage val ue, percentb 21.5 19.5
Yearly depreciation, $ 1,323.29 1, 266. 53
Taxes, insurance & housing, $b 1,062.00 1,062.00
Average annual interest, $b 1,146.96 1,128.08
Total fixed costs, $ 3,532.25 3, 456. 08
Repair costs, $b 410. 17 353. 06
Total tractor costs, $ 3,942. 42 3,809. 14
(excluding fuel)
Notes:  CBWM = corn-bean-wheat - meadow.
a. Tractor hours per acre from Table A-4, mnus hours Per acre for

i mpl ements replaced by custom operations.

b. See footnotes to Table A-4.
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Tabl e A-5A

Fuel Costs -- Custom Weat, Hay Alternative
CBWM CBWM
Parti al No-till
ltem No-till Her bi ci de
Total tractor hours?® 217.25 187.00
Fuel cost per tractor hour, $b 2.53 2.53
Tractor fuel cost, $ 549. 64 473.11
Conbi ne fuel cost, $° 137.77 137.77
Total fuel cost, $ 687.41 610. 88
Notes:  CBWM = cor n- bean- wheat - neadow.
a. From Tabl e A-5.
b. See footnotes to Table A-5.
C. Derivation shown in Table A-5.
Tabl e A-9A
Labor Costs -- Custom Wheat, Hay Alternative
CBWM CBWM
Parti al No-till
[tem No-till Her bi ci de
Total direct |abor, hours* 284. 13 253. 88
Overhead (30 percent), hours 85. 24 76. 16
Total labor, hours 369. 37 330. 04
Cost per hour, $* 2. 80 2.80
Total |abor costs, $ 1, 034. 24 924. 11
Notes: CBWM = corn- bean-wheat - meadow.

*

See footnotes to Table A-9.
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Since fuel and | abor costs have been decreased, interest on operating
capital for financing these input factors is correspondingly decreased

as shown in Table A-10A.

Tabl e A-12A summarizes all the changes di scussed above and shows a
new net revenue figure for each corn-bean-wheat-hay rotation. Hring in
custom operators yields approximately a 45 percent increase in revenue
for a farmlocated on the upland soils and about an 24 percent increase

for a farmon the ridge or lowand soils.

The increase in net revenue produced by substituting custom oper-
ations for purchase of certain equipnment results in an inmprovenment in
position of the two wheat, hay rotations in conparison to the other
farmng practices considered. |If Table A-13A is conmpared with Table A-13,
Net Revenue Ranking, it can be seen that the CBWM options nove up on
the ranking list for each soil type, from7 and 9 to 5 and 6 for the
uplands farm from 10 and 11 to 7 and 9 for the ridge and from8 and 9
to 7 and 8 for the |ow ands. In the ranking for all soils, the highest
CBWM option moves fromthe sixteenth to the el eventh spot. It can be
concluded from this conparison that although the substitution of
custom operations for the purchase of wheat and hay equipment certainly
i nproves the attractiveness of this rotation option in conparison to
the nmore conmon farming practices, it alone does not inprove net revenue

enough to put it in a conpetitive position
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Tabl e A-10A

O her Costs -- Custom Weat,

Hay Alternative

CBWM CBWM
Parti al No-till
[tem No-till Her bi ci de
Corn drying Costs®
A upl ands 1155 1155
B ridge 1430 1430
C | ow ands 1430 1358. 50
Interest on Qperating CaE'Ltalb
Fuel (3 months)© 14. 61 12. 98
Labor (3 months) & 13. 06 10. 43
O her interest®
A upl ands 599. 52 619. 21
B ridge 593. 39 624. 19
C | ow ands 624. 95 655. 75
Total interest
A upl ands 618. 19 642. 62
B ridge 621. 06 647. 60
C | ow ands 652. 62 679. 16
Total Ot her Costs
A upl ands 1,773.19 1,797. 62
B ridge 2,051. 06 2,077.60
C | ow ands 2,082.62 2,037. 66

Notes: CBWM = corn-bean-wheat - neadow.
a. Derivation shown in Table A-10.
b. See footnotes to Table A-10.

C. Fuel costs from Table A-5A

d. Labor costs. from Table A 9A

e. From Tabl e A-10.
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Tabl e A-12A

Summary -- Custom Wheat, Hay Alternative
CBWM CBW
Parti al No-till

[tem No-till Her bi ci de
& oss revenue, $*
A upl ands 43, 031. 25 43, 031. 25
B ridge 51,781. 25 51,781. 25
C | oW ands 49, 906. 25 49, 012. 50
costs
Tractor (excluding fuel) ** 3,942. 42 3,809. 14
| mpl ements (excluding fuel)***

A upl ands 13, 432.02 12,667.00

B ridge 13, 658. 90 12,893. 88

C | oW ands 13, 658.90 12, 893. 88
Fuel + 687. 41 610. 88
Labor +' t 1,034. 24 924. 11
Drying and interest costs

A upl ands 1,773.19 1,797. 62

B ridge 2, 051. 06 2,077. 60

C low ands 2,082. 62 2,037. 66
O her Costs*

A upl ands 9,733.14 10, 463. 76

B ridge 9, 636. 89 10, 395. 01

C | ow ands 10, 359. 40 11,117.51
Total cost (net of land cost)

A upl ands 30, 602. 42 30, 272. 51

B ridge 31, 010. 92 30, 710. 62

C | ow ands 31, 764. 99 31, 393. 18
Net return (excluding land costs)
A upl ands 12, 428. 83 12, 758. 74
B ridge 20, 770. 33 21, 070. 63
C I ow ands 18, 141. 26 17, 619. 32

Not es: CBWM = corn-bean-wheat - neadow.

*

From Tabl e A-12.
From Tabl e A-4A
*** From Tabl e A-3A.

* %

+ From Tabl e A-5A.
++ From Tabl e A-9A
+++ From Tabl e A-10A



Tabl e A-13A

Net Revenue Ranking -- Custom Weat,

Upl ands

CB Chi sel
CB Conv.

C Chi sel
C Conv.
CBWW Her b.
CBWW Part .
CB No-till

hi gh

C Chisel -Ter.

C Conv. - Ter.

CB No-t.-Ter.

| ow C No-till

R dge

CB Chi sel
CB Conv.
CB No-till
C Chi sel

C Conv.

CB No.-t.Ter.

CBWM Her b.

C Chisel -Ter.

CBWM Part .
C Conv. -Ter.
C No-till

Low ands

CH Chi sel
CB Conv.

C Chi sel

C Conv.

C Chisel - Ter.
C Conv. - Ter.
CBWW Part .
CBWW Her b.
CB No-till
CB No-t. Ter.
C No-till

Hay Alternative

r
r
r
I
I
r
r
I
I
r
r
r
r
r
r
I
I
I
I
I
u
u
u
I
u
u
u
u
u
u
u
u
I

Al Soils

CB Chi sel + 27,000

CB Conv.
CB No-till
CB Chi sel
CB Conv.
C Chi sel
C Conv.

C Chi sel
C Conv.
CB No-till
CBWM Her b.
C Chi sel - Ter.
CBWW Part .

C Conv. - Ter.
C No-till

C Chi sel -Ter.
C Conv. -Ter.
CBWW Part .
CBWM Her b.
CB No-till
CB Chi sel

CB Conv.

C Chi sel

CB No-t.-Ter.
C Conv.
CBWM Her b.
CBWW Part .
CB No-till

C Chi sel -Ter.
C Conv. -Ter.
CB No-t.-Ter.
C No-till

C No-till

+ 25,000

<+ 23,000

Ter.
< 21,000

+

20, 000

<+ 15, 000

13, 000

<+ 10, 000
+ 8,000

+ 6,000

Notes: C = corn;

r =

ridge;

CB =

cor n- bean;

| oW ands;

CBWM =

u = upl ands.
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Alternative B: Energy Cost Increase
Alternative B assunmes a future scenario in which energy prices
have increased while other costs have remained constant. The B Alter-
native examines the effects of this cost increase on the farmer's factors

of production and on his net return.

Table A-5B illustrates the method used to devel op the energy price
increase. Tractor fuel cost and conbine fuel cost per hour have been
increased by a factor of 2.068. This factor was derived fromthe annua
price change rates for the years 1977 through 1985 for crude oil (refiner

acquisition). The source of these projections is Energy Review, Sumrer

1977, published by Data Resources, Inc., Lexington, Mssachusetts. Total

fuel cost was calculated in the same way for Table A-5B as for Table A 5.

Table A-7B shows how fertilizer costs have been increased. A different

price increase factor was used for each type of fertilizer depending

upon the relative amounts of different energy inputs used in its produc-
tion. It was assumed that other inputs to the production of fertilizer

such as marketing, adnministration, and |abor were either a very snmal
component of the total cost or woul d nove proportionally to the energy

cost. Therefore the price of the fertilizer to the farnmer wasassuned

to increase at the same rate as that of the energy inputs to fertilizer
producti on. (This same assunption was made for pesticide costs, corn

drying costs, and fuel costs.) Sources of the percentages of energy

inputs to fertilizer production are given in the footnotes to Table A 7B
The energy price increase factors were devel oped from projections from

the same source as for the fuel increase factor, above. Energy input
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Table A-5B. Fuel Costs -- Increased Energy Cost Alternative

Tillage Practices Rotations Terraces
CBWH CBWM

Item C Conv. C Chisel C No-till| CB Conv, CB Chigel CB No-till Part. No-til)l No-till, Herb. | C Conv. C Chisel CB No-till
Total tractor hours 473.00 437.25 352.00 347.27 362,00 277.75 541.75 508.75 473.00 437.25 277.75
Fuel cost per trac- .
tor hour, $* 5.23 5.23 5.23 5.23 5.23 5.23 5.23 5.23 5.23 5.23 5.23
Practor fuel
cost, § 2474.75 2287.70 1841.68 1816.92 1899.23 1453.20 2,833.135 2,600.76 2474.75 2287.70 1453.20
Total combine
hours 117.50 117.50 117.50 96.25 96.25 96.25 66.88 66.88 117.50 117,50 96.25
Fuel cost per
combine hour, $* 4.05 4.05 4.05 4.20 4.20 4.20 4.26 4.26 4.05 4,05 4.20
Combine fuel
cost, §$ 476.26 476.26 476.26 404.07 404.07 404.07 284.91 284.91 476,26 476.26 404.07
Total fuel
cost, $ 2951.02 2763.96 2317.94 2220.97 2303.30 1857.27 _3,114.2¢0 2,4945.67 2951.02 2763.96 1857.27

Notes: C = corm; CB = corn-bean; CEWM = corn-bean-wheat-meadow.

* For derivation see footnotes, Table A-5. Assume 1985/1977 price ratio of 2.068, developed from annual price
change data for crude oil (refiner acquisition) from Energy Review, Summer 1977, Data Resources Inc., Lexington,

Massachucatts.
aAghusLeLis
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Table A-7B. Fertilizer Costs -- Increased Energy Cost Alternative
Tillage Practices Rotations Terraces
CBWH CBWM
Item C Conv. C Chisel C No-till| CB Conv. CB Chisel CB No-till Part. No-till WNo-till, Herb. | ¢ Conv. C Chisel CB No-till
Average annual Fertilizer
amount, lbs/acre*
N
A uplands 125 125 137.50 57.50 57.50 63.25 33.75 35,63 125 125 63.25
B ridge 160 160 176 75 75 82.50 42.50 45.25 160 160 ¥2.50
C lowlands 160 160 176 75 75 B82.50 42.50 45.25 160 160 82,50
P20s
A uplands 44 44 44 27.50 27.50 27.59 24.75 24,75 44 44 27.50
B ridge 40 40 40 25 25 25 22,50 22.50 40 40 25
C lowlands 40 40 40 25 25 25 22.50 22.50 40 40 25
K20 50 50 50 60 60 60 70 70 50 50 60
Cost of Fertilizer*»
N
A uplands 34.92 34.92 38.42 16.06 16.06 17.67 9.43 9.96 34.92 34.92 17.67
B ridge 44.70 44.70 49.17 20.96 20.96 23.05 11.88 12.64 44.70 44.70 23.05
C lowlands 44.70 44.70 49.17 20.96 20.96 23.05 11.88 12.64 44.70 44.70 23.05
P20s
A uplands 17.06 17.06 17.06 10.67 10.67 10.67 9.59 9.59 17.06 17.06 10.67
B ridge 15.51 15,51 15.51 92.69 9.69 2.69 a.74 &.74 15.51 15,51 9.69
C_lowlands 15.51 15.51 15.51 9.69 9.69 9.69 8.74 8.74 15.51 15.51 9.69
K20 9.22 9,22 9.22 11.06 11.06 11.06 12.90 12.90 9.22 9.22 11.06
Cost of Fertilizer per
acre, §
A uplands 6l.20 61.20 64.70 37.79 37.79 39.40 31.92 32.45 61.20 61,20 39.40
B ridge 69.43 69.43 73.90 41.71 41.71 43.80 33.52 34.28 69.43 69.43 43.80
C lowlands 69.43 69,43 73.90 41.71 41.71 43.80 33.52 34.28 69.43 69.43 43.80
Total cost of
Fertilizer, $
A uplanpds 15,300 15,300 16,175 9,447.50 9,447.50 9,850 7,980 8,112.50 15,300 15,300 9,850
B ridge 17,357.50 17,357.50 18,475 10,427.50 10,427.50 10,950 8,380 8,570 17,357.50 17,357.50 10,950
C lowlands 17,357.50 17,357.50 18,475 10,427.50 10,427.50 10,950 8,380 8,570 17,357.50 17,357.50 10,950




TET

Table A-7B (continued)

Tillage Practices Rotations Terraces
CBWH CBWM

Iten C Conv, C Chissl C Ro~till] CB conv. CB Chisel CB Ro-till Part. No-till No=till, Herb. | C Conv. C Chisel CB No~-till
Rental of appli-
cation equipment,
S* 262.50 262.50 262,50 131.25 131.25 131.25 153.13 153.13 262,50 262.50 131.25
Total Fertilizer
Costs, § .

A uplands 15,562.50 15,562.50 16,437.50 9,578.75 9,578.50 9,981.25 8,133.13 8,265.63 15,562.50 15,562,50 9,981.25

B ridge 17,620 17,620 18,737.50 10,558.75 10,558.75 11,081.25 8,533.13 8,723.13 17,620 17,620 11,081.25

C lowlands 17,620 17,620 18,737.50 10,558.75 10,558.75 11,081.25 8,533.13 8,723.13 17,620 17,620 11,081,25

Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

* For derivation see Table A-7B; see footnotes, Table A-7B.
*%  Cost of fertilizer derived from fertilizer prices from Table 7 multiplied by the following 1985/197% price ratios: N -- 2.149; P20s —-
2.041; K20 -- 2,048, Fertilizer price ratios are produced by multiplying energy input amounts by energy input price ratios. Energy inputs

to N: 95\ natural gas; 5\ electricity (Source: bDavis, C. H. and G. M. Blouin, "Epergy Consumption in the U.S, Chemical Fertilizer System
from the Ground to the Ground,® p. 321 in W. L. Lockertz (ed.), Agriculture and Energy, Academic Press, New York, 1977.) Enexrgy inputs to
P20s: 188 0il, 69% natural gas, 11\ electricity (percents developed from data in White, W. C. and K. T. Johnson, Energy Requirements for the
Production of Phosphate Fertilizers, Draft, The Fertilizer Institute, Washington, D.C. (no date)). Energy inputs to Kz20: 81% natural gas,

11% electricity (percents developed from data in White, W. €., “Fertilizer-Food-Energy Relationships," paper presented at the American Chemical
Society Division of Fertilizer and Soil Chemistry, Chicago, Illinois, August 28, 1973). 1985/1977 price ratios for natural gas (industrial),
electrictiy (marginal industrial), and crude oil (r:finer acquisition) of 2.185, 1.462, and 2.063, respectively, developed from annual price
change data from Energy Review, Summer 1977, Data lesources, Inc., Lexington, Massachusetts.




percentages were nultiplied by energy price increase factors and then

summed to obtain the price increase factor for each type of fertilizer.

Pesticide cost increases are given in Table A-8B and were cal cul ated
in the same way as fertilizer cost increases. Al pesticide costs are
assuned to increase by the same factor, 2.013, since the percentages of
energy inputs are assumed to be the sane for all. The source of this
information is listed in the footnote to Table A-8B which also lists the

energy price increase factors and their source

Corn drying costs (Table A-10B) are increased due to increased enerqgy
cost. Off-farmcorn drying is based on energy fromLP gas and natura
gas. A price increase ratio of 2.127 was used for corn drying. The first
footnote to Table A-10B lists the sources of data fromwhich this figure
was calculated. Table A-10B al so shows increased interest costs necessary
to support nore operating capital needed to finance the increased ferti-

lizer, pesticide and fuel expenses which the farmer encounters in this

scenari o.

Tabl e A-12B summarizes the energy cost increase alternative show ng
hi gher fuel, fertilizer, pesticide and "other" costs. Total costs in
Tabl e A-12B when conpared with Table A-12 have increased from between $10, 000
and $30,000 or 30 to 65 percent. These high cost increases, of course,
affect net return drastically. As the "net return" figures indicate
many options are no longer financially viable.

Tabl e A-13B shows how increased energy costs have affected the ranking
of the options in terms of net revenue. Only 11 out of 33 options produce

a positive return, and one of these is below $1,000. Farners on the up-
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Table A-8B. Pesticide Costs -- Increased Energy Cost Alternative
Tillage Practices Rotations Terraces
CBWH CBRM
ltem C Conv. C Chisel C No-till] CB Conv. CB Chisel CB No-till Part. No-till No-till, Herb. | € Conv. C Chisel CB No-till
CORN
Total Herbicide and
Insecticide Cost, $*
A uplands 11,484.17 11,484.17 22,716.71 5,676.66 5,676,.66 8,442.16 3,856.16 5,145.73 11,484.17 11,484.17 8,442.02
B ridge 10,517.93 10,517.93 21,412.28 5,193.54 5,193.54 7,878.38 3,614.60 4,904.17 10,517.93 10,517.93 7.,878.38
C lowlands 12,455.44 12,455.44 24,015.09 6,071.71 6,071.72 9,015.72 4,098.97 5,388.56 12,455.44 12,455.44 9,015.72
SOYBEAN
Total Herbicide
Cost, §*
A uplands 3,462.36 3,462.36 3,761.79 1,880.91 1,880.91 3,761.79
B ridge 2,632 2,632 2,891.,17 1,445.60 1,445.60 2,891.17
C lowlands 4,252.46 4,252.46 4,589.64 2,294.82 2,294.82 4,589.64
Total Pesticide
Cost, §
A uplands 11,484.17 11,484.17 22,716.71 9,139.02 9,139.02 12,203.81 5,737.07 7,026.64 11,484.17 11,484.17 12,203.81
B ‘ridge 10,517.93 10,517.93 21,412.28 7,.825.54 7,825.54 10,769.55 5,060.20 6,349.77 10,517.93 10,517.93 10,769.55
C lowlands 12,455.44 12,455.44 24,015.09 10,414.76 10,414.76 13,605.36 €,393.79 7,683.38 12,455.44 12,455.54 13,605.36
Notes: C = coxn; CB = corn-bean; CBWHM = corn-bean-wheat-meadow,
* For derivation of pesticide amounts see Table 8 and footnotes to Table B. Pesticide costs have been increased using a 1985/1977 price

ratio of 2,013.

Packaging and Transport of Various Pesticides, Draft, November 1977, p. 3).

This price ratio was developed by multiplying pesticide energy input amounts by energy input price ratios.
the production of pesticides are 42% oil, 38% natural gas, 20% coal (Source:

Energy inputs to

Pimentel, David, Energy Inputs for the Production, Formulation,

1985/1977 price ratios for crude oil (refiner acquisition),

natural gas (industrial), and coal (contract) of 2.068, 2,185, and 1.568, respectively, were developed from annual price change data from

Energy Review, Summer 1977, Data Resources, Inc., Lexington, Massachusetts.
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Table A-10B.

Qhers Costs -- Energy Cost Increase Aternative
Tillage Practices Rotations Terraces
CBWM CBWM
Item C Conv.. C Chisel C No-till]| CB Conv. CB Chisel CB No-till Part. No-till No-till, Herb. | C Conv. C Chisel CB No-till
Corn brying
Grain harvested, bu
. A uplands 26,250 26,250 24,937.50 13,781.25 13,781.25 13,781.25 7,218.75 7,218.75 28,000 28,000 14,656.25
B ridge 32,500 32,500 32,500 17,062.50 17,062.50 17,062.50 $,937.50 ¥,937.50 34,250 14,250 17,937.%0
C lowlands 32,500 32,500 26,000 17,062.50 17,062.50 15,356.25 8,937.50 8,490.63 34,250 34,250 16,231.25
Cost per bu, $* .34 .34 .34 .34 .34 .34 .34 .34 L34 .34 .34
Total Costw
A uplands 8,933.40 8,933.40 8,486.73 4,690.04 4,690.04 4,690.04 2,456.69 2,456.69 9,528.96 9,528.96 4,987.82
B ridge 11,060.40 11,060.40. 11,060.40 5,806.71 5,806.71 5,806.71 3,041.01 3,041.61 11,655.96 11,655.96 6,104.49
C uglands 11,060.40 11,060.40 8,848.32 5,806.71 5,806.71 5,226.04 3,041.61 2,889.53 11,655.96 11,655.96 5,523.82
Operating Capital**
Fertilizer (B mo.)%**
A uplands 1,190.53 1,190.53 1,257.47 732.77 732.77 763.57 622.18 632.32 1,190,53 1,190.53 763.57
B ridge 1,347.93 1,347.93 1,433.42 807.74 807.74 847.72 652.78 ©67.32 1,347.93 1,347.93 847.72
C lowlands 1,347.93 1,347.93 1,433.42 807.74 807.74 847.72 652.78 667,32 1,347.93 1,347.93 847.72
Seed (8 mo.)
A uplands 134.87 134.87 141.67 143.93 143.93 151.16 163.34 160.22 134.87 134.87 151.16
B ridge 148,47 148.47 155.27 150.73 150.73 157.96 166.74 163.62 144.47 148.47 157.96
C lowlands 162.07 162.07 168.87 157.53 157.53 164.76 170.14 167.02 162,07 162.07 164.76
Pesticide (6 mo.)*
A uplands 488.08 488.08 965.46 388.41 388.41 518.66 243.83 298.63 488.08 488.08 518.66
B ridge 447.01 447.01 910.02 332.59 332.99 457.71 215,06 269.87 447.01 447.01 457.71
C lowlands 529.36 529,36 1,020.64 442.€3 442.63 578.23 271.74 326.54 529,36 529,36 578.23
Fuel (3 mwo.) T G2, 71 5B, 73 29.26 AT 20 48.96_ " 39.4T 66,206 860 b O o T 1 YY)
Labor (3 mo.) 30.88 e s 20.37 21.81 23.17 15.77 17.12 14.25 30.88 27.78 15.77
Total Interest
A uplands 1,906.57 1,899.49 2.434.23 1,334.12 1,337.24 1,488.63 1,112.73 1,168.02 1,906.57 1,899.49 1,488.63
B ridge 2,037.00 2,029.92 2,568.34 1,360.07 1,363.19 1,518.63 1,117.96 1,177.66 2,037.00 2,029,922 1,518,063
C lowlands 2,132.95 2,125.87 2,692.56 1,476.91 1,480.03 1,645,95% 1,178.04 1,237.73 2,132,95 2,125.87 1,645.95
Total Other Costs
A uplands 10,839,97 10,832.89 10,920.96 6,024.16 6,027.28 6,178.67 3,56Y.42 3,624.71 11,435.53 11,428.45 6,476.4%
B ridge 13,097.40 13,090.32 13,628.74 7,166.78 7,169.90 7,325.34 4,159.57 4,219.27 13,692.96 13,685.88 7,623.12
C lowlands 13,193.35 13,186.27 11,540.88  7,283.62 _ 7,286.74 6,871.99 4,219.65 4,127.26 13,788.91 13,781.83 7,169.77
Notes; C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

* For initial price and cost derivation see Table 10,

Price and cost have been increased using a 1985/1977 price ratio of 2,127 derived

by multiplying the energy input amounts to off-farm corn drying (50% LP gas and 50% natural gas, U.S. Food and Fiber Sector, U.S. Sena;e Report,
September 1974) by 1985/1977 price ratios for crude oil (refiner acquisition) and natural gas (industrial) of 2.068 and 2.185, respectively.
These price ratios were developed from annual price change data in Energy Review, Summer 1977, Data Resources, Inc., Lexington, Massachusetts.

xR

++Fuel costs from Table A-5B.

See footnotes in Table A-10, ***Fertilizer costs from Table A~7B, +Pesticide costs from Table A-8B,
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Table A-12B. Sunmary -- Energy Cost Increase Alternative

Tillage Practices Rotations Terraces
CBWH CBWM
Item C Conv. C Chisel C No-till| CB Conv. CB Chisel CB MNo-till Part. No-till No-till, Herb. | € Corv. C Chisel CB Ho-till
Gross Revenue, §
A uplands 52,500 §2,500 49,875 46,312.50 46,312.50 44,437.50 43,031.25 43,031.25 56,000 56,000 47,437.50
% ridge 65,000 65,000 65,000 59,125 59,125 57,875 51,781.25 51,781.25 68,500 68,500 60,875
C lowlands 65,000 65,000 52,000 59,125 59,125 50,712.50 49,906.25 49,012.50 68,500 68,500 53,712.50
Costs
Tractor (excl.
fuel) 4,604,921 4,537.42  4,281.19 4,272.26  4,301.95 4,056.64 4,734.71 4,672.41  4,604.91 4,537.42 4,056.64
Implements
(excl. fuel) 10,643.65 10,365.66 _ 8,913.07 11,134.31 10,828.87 9,376.28 14,493.38 13,728.36  10,643.65 10,365.66 9,376.28
Fuel®* 2,951.02 2,763.96  2,317.94 2,220.97 _ 2,303.30 1,857.27 3,118.26 2,945.67  2,951.02 2,763.96 1,857.27
Seed
A uplands 2,380 2,380 2,500 2,540 2,540 2,667.50 2,882.50 2,912.50 2,380 2,380 2,667.50
B ridge 2,620 2,620 2,740 2,660 2,660 2,787.50 2,942,50 2,972.50 2,620 2,620 2,787.50
C lowlands 2,860 2,860 2,980 2,780 2,780 2,907.50 3,002.50 2,032.50 2,860 2,860 2,907,50
Fertilizer**
A uplands 15,562.50 15,562.50 16,437.50 9,578.75 9,578,75 9,981.25 8,133.13 8,265.63 15,562.50 15,562.50 9,981.25
B ridge 17,620 17,620 18,737.50 10,558.75 10,558.75 11,081.25 8,533.13 8,723.13 17,620 17,620 11,081.25
C lowlands 17,620 17,620 18,737.50 10,558.75 10,558.75  11,081.25 8,533,13 8,723.13 17,620 17,620 11,081.25
Pesticideg***
a uplands 11,484.17 11,484.17 22,716.71 9,133.02 9,139.02 12,203.81 5,737.07 7,026.64 11,484,17 11,484.17 12,203.81
B ridge 10,517,93 10,517.93 21,412.28 7,825.54 7,825.54 10,769.55 5,060.20 6,349.77 10,517.93 10,517.93  10,769.55
C lowlands 12,455.44 12,455.44  24,015.09 10,414.76 10,414.76  13,605.36 6,393.79 7,683.38 12,455.44 12,455.44  13,605.36
Labox 2,149.42 2,019.30_ 1,708,98 1,691.76  1,671.68 1,361.36 2,215.42 2,095.30  2,149.42 2,019.30 1,361.36
Terxracing 0 0 0 0 0 0 Q o] 6,460 6,460 ©,460
Other™
A uplands 10,839.97 10,832.89 10,920.96 6,024.16 6,027.28 6,178.67 3,569.42 3.624.71 11,435.53 11,428.45 6,476.45
B ridge 13,097.40 13,090.32 13,628.74 7,166.78 7,169.90 7,325.34 4,159.57 4,219.27 13,692.96 13,685.88 7,623.12
C lowlands 13,193.35 13,186.27 11,540.88  7,283.62  7,286.74 6,871.99 4,219,65 4,127.26_ 13,788.91 13,781.83 7,169.77
Total Cost (Net of
Land Cost)
A uplands 60,615.64 59,945.90 69,796.35 46,601.23 46,390.85 47,682.78 44,883,8Y 45,271.22 67,671.20 67,001.46  54,440.56
B ridge 64,204.33 63,534.59 70,999.70 47,530.37 47,319.99 48,615.19 45,257.17 45,706.41 71,259,89 70,590.15  55,372.97
C lowlands 66,477.79 65,808.05 74,494.65 50,356.43 50,146,05 .51,117.65 46,710.84 47,008.0L 73,533,35 72,863.61  57,875.43
Net Return (Excl.
Land Cost)
A uplands ~8,115.64 -7,445.90 -19,921.35 -288.73 -78.35 -3,245,28 -1,852.64 -2,239.97 -11,671.20-11,001.46  ~7,003.06
B ridge 795.67 1,465.41 -5,999.70 11,594.63 11,805.0) 9,259.81 6,524.08 b,074.84 =2,759.49 -2,090.15 -5,307.83
C_lowlands -1,477.79 -808.05 ~22,494.65 8,768.57  8,978.95 -405.15 3,195.41 2,004.49 -5,033.35 -4,363.61 -4,162.43

Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

*Fuel costs from Table A-5B, **Fertilizer costs from Table A-7B,

***Pesticide costs from Table A-8B, +Other costs
from Table A-10B.



hi gh

| ow

Net Revenue Ranking --

Upl ands

CB Chi sel
CB Conv.

CBWW Part .
CBWW Her b.
CB No-till

CB No-t.-Ter.

C Chi sel
C Conv.

C Chi sel - Ter.

C Conv. -Ter.
C No-till

Ri dge

CB Chi sel

CB Conv.

CB No-till
CBWW Part .
CBWW Her b.

C Chi sel

C Conv.

C Chisel -Ter.
C Conv. - Ter
CB No-t.-Ter.
C No-till

Energy Cost

Table A-13B

Low ands

CB Chi sel

CB Conv.

CBWM Part .
CBWW Her b.

CB No-till

C Chi sel

C Conv.

CB No-t.-Ter.
C Chi sel -Ter
C Conv. -Ter.
C No-till

I ncrease Alternative

Al Soils

CB Chi sel

CB Conv.

CB No-till
CB Chi sel

CB Conv.
CBWW Part .
CBWW Her b.
CBWM Par t
CBWM Her b

C Chi sel

C Conv

CB Chi sel

CB Conv.

CB No-till

C Chi sel

C Conv.

CBWW Part .

C Chisel -Ter.
CBWW Her b.

C Conv. -Ter.
CB No-till

CB No-t.-Ter.
C Chisel -Ter.
C Conv. -Ter.

CB No-till-Ter.

C No-till

CB No-t.-Ter.
C Chi sel

C Conv.

C Chi sel -Ter.
C Conv. -Ter.
C No-till

C No-till

12,000

9, 000

6, 000

2,000
1, 000

-3, 000

- 3,000

-5, 000

-6, 000

-9, 000

-12, 000

- 20, 000
- 23,000

Not es:

C = corn;

r =

ri dge;

CB =

cor n- bean;

| oW ands;

CBWM =

u = upl ands.
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l ands no | onger have revenue producing options available to them The
CBWM options are the |least energy intensive and their costs increase the
| east so they nmove up in rank for all soil types. On the uplands, they
move from seventh and ninth place to third and fourth place. They also
rank high on the other two soil types nmoving fromtenth and el eventh
place to fourth and fifth place on the ridge and from eighth and ninth
place to third and fourth place on the | ow ands when conpared to the base

case (Table A-13).

Revenue fromthe corn-soybean rotations, chisel and conventionally
tilled on the ridge and | ow ands, is high and their use of energy intensive
factors of production such as fertilizer and pesticides is relatively |ow
conpared to continuous corn, for exanple, so that these options remain
the nost attractive financially. This is also true for the corn-soybean
no-tillage rotation on the ridge soil. In contrast, the continuous corn
options, both conventionally and chisel tilled, use relatively nore of the
energy intensive factors of production, enough to negate the effect of
their high gross revenues. The energy price increase in this instance
serves to highlight the natural benefits provided by the soybeans to the

corn in the formof pest control and nitrogen fertilizer credit.

Tabl e A-15B shows the effects of conmbining the energy price increase
future scenario with alternative A, the use of customhiring to carry out
certain operations in the corn-soybean-wheat-hay rotation options. The
costs and revenues for the two options displayed in this table offer perhaps
a nore realistic picture of the effect of a large energy price increase.

Both options becone relatively nore attractive financially in conparison

137



Table A-15B. CBWH Farm Practice with Custom Rate
and 1985 Energy Prices

1977 1985
R77= Cust om = Ry~
Cus.tom Non Custom Non X Non
Option Cust om Non Custom Cust om Customgs

Tract or 3,942 4,735 . 833 4,735 3,942
[ npl ement s

A 13, 432 14, 493 . 927 14, 493 13, 432

B 13, 659 14, 493 . 943 14, 493 13, 659

C 13, 659 14, 493 . 943 14, 493 13, 659
Fuel . 687 1,508 . 456 3,118 1,422
Seed

A 2,882 1.0 2,882 2,882

B 2,942 1.0 2,942 2,942

C 3,002 1.0 3,002 3,002
Fertilizer

A 4,001 1.0 8,133 8,133

B 4,181 1.0 8, 533 8, 533

C 4,181 1.0 8, 533 8, 533
Bi oci des

A 2, 850 1.0 5, 737 5, 737

B 2,514 1.0 5, 060 5, 060

C 3,176 1.0 6, 394 6, 394
Labor 1,034 2,215 . 467 2,215 1,034
Drying & Intr't

A 1,773 1,795 . 988 3,569 3,526

B 2,051 2,073 . 989 4,160 4,114

C 2,083 2,104 . 990 4,220 4,174
Total Cost

A 34, 480 44,884 42,985

B 34, 661 45, 257 43,583

C 35, 415 46, 711 45, 037
G oss Revenue

A 43,031 43,031

B 51, 781 51, 781

C 49, 906 49, 906
Net Revenue

A 12, 429 8, 552 -1, 852 +46

B 20, 770 17,120 +6, 524 +8, 198

C 18, 141 14, 491 +3, 195 +4, 869
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Table A-15B. Continued.

1977 1985
Ry7= Custom = R77
Custom Non Custom Non X Non
Option Custom Non Custom Custom Customgs

Tractor 3,809 4,672 .815 4,672 3,809
Implements

A 12,667 13,728 .923 13,728 12,667

B 12,894 13,728 .939 13,728 12,894

C 12,894 13,728 .939 13,728 12,894
Fuel 611 1,425 .429 2,946 1,263
Seed

A 2,912 2,912 2,912

B No 2,972 %1.0 2,972 2,972

c change 3,032 2,032 2,032
Fertilizer

A 4,001 ) 8,265 8,266

B No 4,268 ‘1.0 8,723 8,723

c Change 4,268 8,723 8,723
Biocides

A 3,491 7,027 7,027

B No 3,154 1.0 6,350 6,350

c Change 3,817 7,683 7,683
Labor 924 2,095 .441 2,095 924
Drying & Intr't

A 1,798 1,819 .989 3,625 3,585

B 2,078 2,099 .990 4,219 4,177

C 2,038 2,059 .990 4,127 4,086
Total Cost

A 30,273 34,203 45,271 40,453

B 30,711 34,415 45,706 41,112

C 31,393 35,097 47,008 41,414
Gross Revenue

A 43,031 43,031 43,031

B 51,781 51,781 51,781

C 49,012 49,012 49,012
Net Revenue

A 12,759 8,828 - 2,240 + 2,578

B 21,071 17,367 + 6,075 + 10,669

C 17,619 13,915 2,004 + 7,598
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to other practices. The upland farnmer, for exanple, could use the CBW

no-till option to produce a positive net return

It can be concluded fromthis exanple that a | arge energy price
i ncrease woul d have severe consequences to farmers causing themto switch
to farming practices which are | ess energy intensive, to relocate or renove
land from production, and to increase use of natural rather than manufac-
tured nmeans of adding nutrients to the soil and of pest control. Note
however, that the results of this alternative are extreme, and in reality
an energy price increase such as this would have other effects on other
costs and on food prices so that the results would be somewhat different
than those of the sinplified case considered here. But this case does
serve to illustrate the direction of the effects of a |large energy price

i ncrease.
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Alternative C  Price Subsidy

Alternative C examnes the effect of a price subsidy policy for
wheat. Tables A-3 and A-14 show that although the wheat-hay rotations
produce relatively little soil |oss conpared to other options, they are
not as attractive in terns of revenue as the continuous corn or the corn-
soybean rotations. In Alternative C, a price subsidy mechani sm was
used to nmake the wheat-hay rotation options nore attractive conpared to the
hi ghest net revenue producing options in the initial case. The corn-
soybean rotation was already nore financially appealing than the continuous
corn option (see Table A-12), so it was not considered useful to exanmne a

soybean price subsidy.

Table A-11C shows the price of wheat subsidized to $5.00 (a subsidy
of $2.50 per acre) which doubles the gross revenue fromthe acres planted
with wheat in the wheat-hay rotation options. The total gross revenue
fromthese options is thus increased by about $7,000 or 15 percent.

The wheat/corn price ratio has been changed from1.25 to 2.5 and the

wheat / soybean price ratio from0.5 to 1.0.

Tabl e A-12C shows a relatively higher net return for the two wheat -
hay rotation options conpared to the initial case (conpare with Table A-12).
Tabl e A-13C indicates how this increased net return has shifted the net
revenue ranking of the CBWM options when conpared to Table A-13, Net
Revenue Ranking. For the uplands they have nmoved from seventh and ninth
place to first and second, for the ridge fromtenth and eleventh to
fourth and fifth and for the | ow ands fromeighth and ninth to fifth

and si xth. The ranking for all soils shows that the highest revenue
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Table A-11C.  Revenue -- Price Subsidy Alternative

Tillage Practices Rotations Terraces
. CBWM CBwM

Item C Conv. Q Chisel C No~-tlll] CB Conv. CB Chimel (B No-till Part. No-till No-till, Herb. ] C Conv. C Chisel CB No-till
Corn
Gross Revenue, $*

A uplands 52,500 52,500 49,875 27,562.50 27,562.50 27,562.50 14,437.50 14,437.50 56,000 50,00 29,312,510
B ridge 65,000 65,000 65,000 34,125 34,125 34,125 17,875 17,875 8, 500 68,500 35,87%

C lowlands 65,000 65,000 52,000 34,125 34,125 30,712.50 17,875 lu,981.26 68, 500 bl 500 32,462,590
Soybeans
Gross Revenue, §*

A uplands 18,750 18,750 16,875 8,437.50 8,437.50 18,125

B ridge 25,000 25,000 23,750 11,875 11,875 25,000

C lowlands 25,000 22,500 20,000 10,000 10,000 21,250
Wheat
Expected yield, bu/acre 45 45 .
Area cropped, acres 0£2.50 62.50 N
Total output, bu 2,812.50 2,812.50
Expected price, $/bu** 5.00 5,00
Gross Revenue, $§ 14,062.50 14,062.50

Hay
Gross Revenue, $*

A uplands 13,125 13,125

B ridge 15,000 15,000

C lowlands 15,000 15,000 -
TOTAL GROSS

REVENUE, $

A uplands 52,500 52,500 49,875 46,312.50 46,312.50 44,437.50 50,0062.50 50,062.50 56,000 56,000 47,437.50
B ridge 65,000 65,000 65,000 59,125 59,125 , 57,875 ,58,812.50 58,812, 50 68,500 68, 500 00,875

C lowlands 65,000 65,000 52,000 59,125 59,125 50,712.50 56,937.50 56,043.75 08, 500 68, 500 53,712.50

Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

» Derivation shown in Table A-11, also see footnotes, Table A-1l.

*x Assumes wheat price subsidized to $5.00 per bushel.
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Table A-12C Sunmary --

Price Subsidy Aternative

Rotations

Tillage Practices _ _ Texxaces
CBWM CBWM
Item C Conv. C Chisel C No~till| CB Conv. CB Chisel CB No-till Part. No-till* No-till, Herb.*] C Conv. C Chisel CB No-till
Gross_Revenue, §
A uplands 52,500 52,500 49,875 46,312.50 46,312.50 44,437.50 0,062.50 50,062.50 56,000 6,000 47,437.50
B ridge 85,000 65,000 65,000 59,125 59,125 57,875 58,812.50 58,812.50¢ 68,500 68,500 66,875
C lowlands 65,000 65,000 52,000 59,125 59,125 50,712.50 56,93 0 56,043.75 68,500 68,500 53,712.50
Total Cost
(Net_of Land Cost)* *
A uplands 39,665.31 39,094.24 43,020.05 32,853.95 32,600.14 32,285.35 34,479.74 34,203.48 46,405.3]1 45,834.24 38,485.35
B ridge 41,438.49 40,867.42 44,949.22 33,307.01 33,053.45 32,740.69 34,661.36 34,414.71 48,178.49 47,607.42 39,340.69
C lowlands 42,096.50 42,125.43 45,510.76 34,774-97 34,521.16 34,063.11 35,415.43 35,097.27 49,436.50 48,0865.43 40,663,11
Net Return (Excluding
Land Costs)
A uplands 12,834.69 13,405.76 6,854.95 13,458.55 13,712.36 12,152.15 1%,582.76 15,859.02 9,594.69 10,165.76 8,552,15
B ridge 23,561.51 24,132,58 20,050.78 25,817.99 26,071.55 25,134.31 24,151.14 24,397.79  20,321.51 20,892.58 21,534.31
C_lowlands 22,303,50 22,874.57 6,489.24 24,350.03 24,603.84  16,649.39  21,522.07 _ 20,946.48  19,063.50 19,634.57 13,049.39

Notes: C = corn; CB = corn-bean; CBWM

* Increased revenue from Table A-~11C.

**  Derivation shown in Table A~12,

= corn~bean-wheat~meadow.
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Table A-13C

Net Revenue Ranking -- Price Subsidy Alternative

Upl ands

C BWM Her b.
CBWW Part .
CB Chi sel

CB Conv.

C Chi sel

C Conv.

CB No-till

C Chisel - Ter.
C Conv. -Ter.
CB No-t.-Ter.
C No-till

Ri dge

CB Chi sel

CB Conv.

CB No-till
CBWM Her b
CBWW Part .

C Chi sel

C Conv.

CB No-t.-Ter.
C Chisel -Ter.
C Conv. -Ter.
C No-till

Low ands

CB Chi sel
CB Conv.

C Chi sel

C Conv.
CBWW Part .
CBWW Her b.
C Chisel -Ter.
C Conv. - Ter.
CB No-till
CB No-t. Ter.
C No-till

r
r
r
I
r
r
r
I
I
r
I
I
r
r
I
I
I
u
u
u
u
u
I
u
u
u
u
u
u
I

Al soils

CB Chi sel
CB Conv.
CB No-till
CB Chi sel
CBWM Her b.
C Chi sel
C Conv.

C Chi sel
C Conv.

CB No-till-Ter.

CBWM Part .
CBWM Her b.
C Conv. -Ter.
C No-till

C Chi sel -Ter.

C Conv. -Ter.
CB No-till
CBWM Her b.
CBWM Part .
CB Chi sel
CB Conv.

C Chi sel

CB No-till.-Ter.

C. Conv.

CB No-till

C Chi sel - Ter.
C Conv. -Ter.
CB No-till
C No-till
C No-till

Ter.

27,000

25,000

23,000

21,000

20, 000

15, 000

13, 000

10, 000
8, 000

6, 000

Not es:

C

corn;

ridge;

CB = corn-bean;

| oW ands;

CBW =

u = upl ands.
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produci ng CBWM option (on ridge soils) has nmoved from sixteenth to
fifth place. If the results of the Custom Wieat Hay Alternative (A)
were conbined with a wheat price subsidy (Alternative C) then the CBW
options would becone even nore attractive financially. It can be con-
cluded, then, that a price subsidy policy could be effective in encour-
agi ng the use of cropping patterns which have different water quality

impacts than those that would otherwi se be used.
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Alternative D Fertilizer Tax

The objective of this alternative is to illustrate the effects

of a tax on the use of nitrogen fertilizer. Such a tax policy m ght

be considered to control level of nitrates in public drinking water

to meet Federal standards.

In Table A-7D a $.07 tax per pound of nitrogen fertilizer was assuned
raising the cost from$.13 a pound to $.20 a pound. This is a substantia
price increase. Conparing "cost of fertilizer per acre" and "tota
cost of fertilizer" in Table A-7D with the same row in Table A-7, the
effect of the tax has been to raise fertilizer expenses by about 35 per-
cent for the option using the nost nitrogen fertilizer and by about
15 percent for the option using the least. Table A-10D sinply carries
through the inpact of the increased fertilizer costs from Table A-7D

on interest costs (conpare with Table A-10).

Tabl e A-12D summarizes the changes due to the fertilizer tax,
including increased fertilizer and interest (other) costs. A conpari-
son wWith Table A-12 shows that net return has been significantly decreased
by $3300 for the options using nost nitrogen and by about $800 for the options
using least nitrogen. This is a reduction in net return of 50 percent

for the continuous corn, no-tillage option on the |ow ands.

Tabl e A-13D when conpared with Table A-13, Net Revenue Ranking,
indicates how the fertilizer tax has shifted the financial return
positions of the various farmng options. The CBWM options, those using
the |east amount of nitrogen fertilizer, have noved up in the ranking for

the upland soils. The ranking of the continuous corn, no-tillage options,
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Table A-7D. Fertilizer Costs -- Fertilizer Tax Aternative
Tillage Practices Rotations Terraces
! CBWH CBWM
Itcem C Cony, C Chisel € No-till]| CB Cony. CB Chisel CB No-till Part., No-till MNo-till, Herb, | € Conv. C Chisel CB No-till
Average Annual Fertilizer
amount, lbs/acre*
N
A uplands 125 125 137.50 57.50 57.50 63.25 33.75 35.63 125 125 63.25
B ridge 160 160 176 75 75 82,50 42.50 45,25 160 160 82.50
C lowlands 160 160 176 75 75 82.50 42.50 45.25 160 160 82.50
P20s
A uplands 44 44 44 27.50 27.50 27.50 24.75 24.75 44 44 27.50
B ridge 40 40 40 25 25 25 22.50 22,50 40 40 25
C lowlands 40 40 40 25 25 25 22.50 22,50 40 40 25
K20 50 50 50 60 60 60 70 70 50 50 60
Cost of Fertilizer
per acre, $**
A uplands 37.86 37.86 40.36 22,13 22.13 23.28 17.75 18,13 37.86 37.86 23.28
B ridge 44.10 44.10 47.30 25.15 25.15 26.65 19.08 19,03 44.10 44.10 26.65
C lowlands 44.10 44.10 47.30 25,15 25.15 26.65 1v.08 19,63 44.10 44.10 26.65
Total Cost of Ferti-
lizex, §
A uplands 9,465 9,465 10,090 5,532,50 5,532.50 5,820 4,437.50 4,532.50 9,465 9,465 5,820
B ridge 11,028 11,025 11,825 6,287.50 6,287.50 6,662.50 4,770 4,907.50 11,025 11,025 6,662.50
C lowlands 11,025 11,025 11,825 6,287,50 6,287.50 6,662,50 4,770 4,907.50 11,025 11,025 6,662.50
Rental of Application
Equipment, §* 262.50 262,50 262,50 131.25 131.25 131.25 153,13 153.13 262.50 262,50 131.25
Total Fertilizer
Costs, $
A uplands 9,727.50 9,727.50 10,352.50 5,663.75 5,663.75 5,951.25 4,590.63 4,685.63 9,727.50 9,727.50 5,951.25
B ridge 11,287.50 11,287.50 12,087.50 6,237.50 6,237.5C 6,793.75 4,923.13 5,000.63 11,287.50 11,287.50 6,793.75
C lowlands 11,287,50 11,287.50 12,087.50 6,237.50 6,237.50 6,793.75 4,932.13 5,060.63 11,287.50 11,287.50 6,793.75

Notes:

C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

* Derivation shown in Table A-7, see footnotes Table A-7.

*k

Assume prices per lb. are $0.20 for N ($.07 tax), $0.19 for P;0s, and $0.09 for K;0.
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Table A-10D. CGher Costs -- Fertilizer Tax Aternative

Tillage Practices Rotationsg Terraces
CBWH CBWM

Item C Conv. C Chisel C No-till} CB Conv. CB Chisel CB No-till Part. No-till No-till, Herb.| C Conv. C Chisel CB No-till
Corn Drying :

Total Cast¥*

A uplands 4,200 4,200 3,990 2,205 2,205 2,205 1,155 1,155 4,480 4,480 2,345

B ridge 5,200 5,200 5,200 2,730 2,730 2,730 1,430 1,430 5,480 5,480 2,870

C lowlands 5,200 5,200 4,160 2,730 2,730 2,457 1,430 1,358.50 5,480 5,480 2,597
Interest on Operating

Capitals

Fertilizer (8 mo.)** :

A uplands 744.15 744.15 791.97 433.28 433.28 455.27 351.18 358,45 744.15 744.15 455,27
B ridge 863.49 863.49 924.69 484.32 484,32 519.72 376.62 387.14 863.49 863.49 591.72
C lowlands 863.49 863.49 924.69 484.32 484,32 519.72 376.62 387.14 863.49 863.49 591.72
Seed (8 mo.)

A uplands 134.87 134.87 141.67 143.93 143.93 151.16 163.34 160.22 134.87 134.87 151.16
B ridge 148.47 148.47 155.27 150.73 150.73 157.96 166.74 163.62 148.47 148.47 157.96
C lowlands 162.07 162.07 168.87 157.53 157.53 164.76 170.14 167.02 162.07 162.07 164.76
Pdsticide (6 mo.)

A uplands 242.46 242.46 479.61 192.95 192.95 257.66 121.13 148.35 242.46 242.46 257.66
B ridge 222.06 222.06 452,09 165.22 165.22 227.38 106.83 134.06 222.06 222.06 227.38
C lowlands 262.97 262,97 507.03 219.88 219.88 287.25 134.99 162,22 262.97 262.97 287,25
Fuel (3 mo.) 30.32 28.40 23.82 22.82 23,67 19,08 32.05 30.29 30.32 28.40 19.08
Labor (3 m0.) 30.88 27.78 20.37 21.81 23,17 15.77 17.12 14.25 30.88 27.78 15,77
Total Interest .

A uplands 1,182.68 1,177.66 1,457.44 814.79 817 898,94 684.82 711.55 1,182.68 1,177.66 898.94
B ridge 1,295,22 1,290.20 1,576.24 844.90 847.11 939.91 699,36 729.35  1,295.22 1,290.20 939.91
C uplands 1,350.73  1,345.71  1,644.78  912.36 914,57 1,006,58 730.92 760.91  1,350.73  1,345.71  1,006.58
Total Other Costs

A uplands 5,382.68 5,377.66 5,447.44 3,019.79 3,022 3,103.94 1,839.82 1,866.56 5,662,68 5,657.66 3,243.99
B ridge 6,495.22 6,490.20 6,776.24 3,574.90 3,577.11 3,669.91 2,129.36 2,159.35 6,775.22  6,770.20  3,809.91
C lowlands 6,550.73 6,545.71 5,804.78 3.,642.36 3,644.57 . 3,463.58 2,160.92 2,119.41  6,830.73  6,825.71  3,603.58

Noteg: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.
* perivation shown in Table A-1l0, see footnotes Table A-10.
LA Fertilizer costs from Table A-7D.
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Table A-12D.  Sunmary - Fertilizer Tax Alternative
Tillage Practices Rotations Terraces
CBWH CBrnN
Item C Conv. C chisel C No-tilll cB Conv. CB Chisel CB No-till Part. No-till No-till, Herb. | C Conv. € Chisel CB No-till
Gross Revenue, §$
A uplands 52,500 52,500 49,875 46,312.50 46,312.5¢0 44,437.50 43,031.25 43,031.25 56,000 56,000 47,437.50
B ridge 65,000 65,000 65,000 59,125 59,125 57,875 51,781.25 51,781.25 68,500 68, 500 60,875
C lowlands 65,000 65,000 52,000 59,125 59,125 50,712,50 49,906.25 49,012.50 68,500 68,500 53,712.50
Costs
Tractor (excl.
fuel) 4,604.91 4,537.42  4,281.19 4,272.26  4,301.95 ,056.64 4,734 4,672,414 604,91 4,537.42  4,056.64
Implements o -
{excl, fuel) 10,643.65 10,365.66 8,913.07 11,134.31 10,828.87 9,376.28 14,493.38 13,728.36 10,643,65 10,365.66 9,376,248
Fuel 1,426.99 1,336.54  1,120.86 1,073.97 1,113.78 898.10 1,508, 40 1,429.91  1,426.99 1,336.54 __ 898.10
Seed
A uplands 2,380 2,380 2,500 2,540 2,540 2,667.50 2,882.50 2,912.50 2,380 2,380 2,667.50
B ridge 2,620 2,620 2,740 2,660 2,660 2,787.50 2,942.50 2,972.50 2,620 2,620 2,767.50
C lowlands 2,860 2,860 2,980 2,780 2,780 2,907.50 3,002.50 3,032.50 2,860 2,860 2,907.50
Pertilizer* "
A uplands 9,727.50 9,727.50 10,352.50 5,663.75 5,663.75 5,951. 4,590.63 4,685.63 9,727.50 9,727.50 5,951.25
B ridge 1i,287.50 11,287.50 12,087.50 6,237.50 6,237.50 6,793.75 4,923.13 5,060.63 11,287.50 11,287.50 6,793.75%
C lowlands 11,287.50 11,287.50 12,087.50 6,237.50 6,237.50 6,793 4,923.13 5,060.63 11,287.50 11,287.50 6,793.75
Pesticides
A uplands 5,705 5,705 11,285 4,540 4,540 6,362.50 2,850.01 3,490.63 5,705 5,705 6,062,50
B ridge 5,225 5,225 10,637.50 3,887.50 3,887.50 5,350 2,513.76 3,154.38 5,225 5,225 5,350
C lowlands __6,187.50 6,187.50 11,930 5,173.75 5,173.75 6,758.75 3,176.25 3,8l6.88 6,187.50 6,187.50 6,758,75
Labor 2,149,42 2,019.30 1,708.28 1,6%1.76 1,671.68 1,361.36 2,215.42 2,0%5.30 2,145.42 2,019.30 1,361.36
Terracing 0 ] 0 0 0 ] 0 0 6,460 6,460 6,460
Other%*
A uplands 5,382.68 5,377.66 5,447.44 12,019.79 3,022 3;103,94 1,839.42 1,866,585 5,662.68 5,687.66 3,243.94
B ridge 6,495,22 6,490.20 6,776.24 3,574.90 3,577.11 3,669.91 2,129,360 2,159.35 6,775.22 6,770,20 3,809,091
C lowlands 6,550.73 6,545.71 5,804.78 3,642.36 3,644.57 3,463,58 2,160,492 2,119.41 ©,830.73 6,825.71 3,603,58
Total Cost {Net of
Land Cost)
A uplands 2,020.15 '41,449.40 45,609.04 3, 3..84 33,682.03 3:477.57 35,114.47 4,881.29 48,760,.15 48,189.08 40.077.57
B ridge 44,.452.69 43,881.62 48,264.84 17,521.95% 34,278,39 34,293,.54 35,490,686 35,272.84 51,192,62 50,621.62 40,943.%
C lowlands 45,710.70 45,139.63 48,826.38 36,005.9 35,752,110 35,615.9 36,214.73 5,955.40 52,450.70 51,879.63 42,215.96
Net Return (Excl.
Land_Cost)
A uplands 10,479.85 11,050.60 4,265.96 12,376.66 12,630.47 10,959.93 7,916.38 8,149.96 7,239.85 7,810,.92 7,359,93
B ridge 20,547.31 21,118.38 16,735.16 21,593.02 24,846.61 23,58l1.46 16,284.59 16,508.41 17,307.31 17,878.38 19,931.46
C lowlands 19,289.30 19,860.37 3,173.62 23,119.09 23,372.90 15,096.54 13,691,52 13,057.10 16,049.30 16,620.37 11,4@6.54
Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.
+ TFertilizer costs from Table A-7D, **Other costs from Table A-10D.




whi ch use the nmpbst nitrogen, is not affected on any of the soil types since
the net return for these options was so low in the base case. The rankings
of the options with the highest net returns, corn-soybean rotation and
conti nuous corn using chisel and conventional tillage, are not greatly
affected by the fertilizer tax even though these options are heavy users

of nitrogen. The level of revenue returned to these options is |owered
slightly, however. Overall, it can be concluded that not nuch change has

been affected by the tax.

What is found fromthis conparison is that, in general, nitrogen
fertilizer costs are not that great relative to other expenses which the
farmer incurs, and therefore a nitrogen fertilizer tax, unless it is
extrenely large, will not affect net revenue enough to cause a farmer to
switch farmng practices. Fertilizer costs range from about 12 percent
to 20 percent of the total costs that have been calculated for the
farmng practice options considered. N trogen costs nmake up 30 to 65
percent of total fertilizer costs, depending on the option considered
Since nitrogen fertilizer costs are so snmall a factor, a tax such as the
one considered here will not have a significant inpact. |If the tax were
i nposed after an energy cost increase had occurred, however, such as that

considered in Alternative B, then a greater inpact mght be observed.

Unfortunately, the exanple case is not flexible enough as it stands
to account for the nost realistic farner response to a tax such as the
one considered in Alternative D. Rather than switch tillage or rotation
options in response to net revenue charges, as hypothesized here, a

farmer nost probably woul d change his nethod of nitrogen fertilizer
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application to increase the use of nitrogen as a side dressing.

taining generally the sane rotation and tillage practices.

hi gh

| ow

Tabl e A-13D.  Net

Upl ands
CB Chi sel

CB Conv.
C Chi sel
CB No-till
C Conv.
CBWW Her b.
CBWW Part .

C Chi sel -Ter.
CB No-t.-Ter.

C Conv. -Ter.
C No-till

Ri dge

CB Chi sel

CB No-till
CB Conv.

C Chi sel

C Conv.

CB No-t.-Ter.
C Chisel -Ter.
C Conv. -Ter.
C No-till
CBWW Her b.
CBWW Part .

Low ands

CB Chi sel

CB Conv.

C Chi sel

C Conv.

C Chisel -Ter.
C Conv. -Ter.
CB No-till
CBWW Part .
CBWW Her b.

CB No-t.-Ter.
C No-till

Thi s

response would tend to decrease the amount of nitrogen used while nmain-

Revenue Ranking--Fertilizer Tax Alternative

Al Soils

CB Chi sel
CB Chi sel
CB Conv.
CB No-till
CB Conv.

C Chi sel
C Conv.

26, 000

+ 24,000

CB No-t.-Ter.

C Chi sel
C Conv.

C Chisel -Ter.

C Conv. -Ter.
C No-till

C Chisel -Ter.

CBWW Her b.
CBWW Part .
C Conv. - Ter
CB No-till
CBWW Part .
CBWW Her b.
CB Chi sel
CB Conv.

CB No-t.-Ter.

C Chi sel
CB no-till
C Conv.
CBWW Her b.
CBWW Part .

C Chisel -Ter.
CB No-t.-Ter.

C Conv. -Ter.
C No-till
C No-till

20, 000

19, 000

17,000

13, 000

11, 000

8, 000

7, 000

3, 000

Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat - neadow.

r = ridge; I = low ands; u = uplands.
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Alternative E: Insecticide Scouting
This alternative is based on the prenise that the ampunt of insecti-
cides used on corn can be reduced by scouting to determine areas with
hi gh potential soil insect problens and by treating only those fields that
need treatment with the full recomrended dosage. Qher areas woul d not
be treated for these pests. Alternative E shows the effects on net
revenue of such a reduced pesticide programon a typical farmin the

case study area

Tabl e A-8E gives pesticide costs under the scouting alternative.
I nsecticide costs per acre for corn are determined in the sane manner
as for Table A-8. The nunmber of acres treated are based on approxi nate
percentages (listed in the footnote to Table A-8E) that nmight apply to a
typical farmon the soils and for the crop rotations under consideration
Scouting costs are based on an assuned $2.00 per acre cost for the nunber
of acres that would typically need scouting for the soil types being
considered. The low ands, for exanple, are wetter and therefore nore
likely to harbor certain insects. Herbicides applied to corn are not
affected by the scouting option, nor are soybean pesticide costs since
no insecticides were applied to soybeans in the base case. The conpari -
son of "Total Pesticide Cost" in Table 8E with that in Table A-8 shows that
the scouting option has reduced pesticide costs by anywhere from $800 to
$2,250 and 12 to 40 percent depending on the farming practice used.

Tabl e A-10E shows slightly reduced interest costs conpared to Table A-10
in response to the reduced pesticide costs under the scouting alternative.
The reduced pesticide and interest costs are summarized in Table A-12E al ong

with other costs which are the sane as for the base case. Note that
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Table A-8E.  Pesticide Costs -- Insectivide Scouting Al ternative
Tillage Practices Rotations Terraces _
CBWM CHWM

Item ¢ Conv. C Chisel C No-till] CB Conv. CB Chisel CB No-till Part. No-till No-till, Herb. | C Conv. € Chisel (b Wo-tall _
Coxn, Cost
Herbicide, $/acre*

A uplands 13.51 13.51 26,78 13.51 13.51 24.50 13.51 23.76 13.51 13,51 24,50
B ridge 11.59 11.59 24.19 11.59 11.59 22.26 11.59 21.84 11,59 11.59 22.26
C lowlands 15.44 15.44 29,36 15.44 15.44 26.78 15.44 25.69 15.44 15,44 26.78
Acres 250 250 250 125 125 125 62.5 - 62.5 250 250 125
Herbicide Cost, $

A uplands 3,377.50 3,377.50 6,695 1,688.75 1,688.75 3,062.50 844.38 1,485 3,377.50 3,377.50 3,062,.50
B ridge 2,897.50 2,897.50 6,047.50 1,448.75 1,448.75 2,782.50 724.38 1,365 2,897.50 2,897.50 2,782.50
C lowlands 3,860 3,860 7,340 1,930 1,930 3,347.50 965 1,605.63 3,860 3,860 3,347.50
Ingecticide, $/acre* 9.31 9.31 18.36 9.05 9.05 9.05 17.14 17.14 9.31 9,31 9.05
Acres treated**

A uplands 100 100 100 1.25 1.25 1.25 0.63 0.63 100 100 1.25
B ridge 100 100 100 1.25 1.25 1.28 0.63 0.63 100 100 1.25
C lowlands 100 100 100 6.25 6.25 6.25 4.69 4.69 100 100 6.25
Insecticide cost, §

A uplands 931 931 1,836 11.31 11.31 11.31 10.80 10.80 931 931 11.31
B ridge 931 931 1,836 11.31 11.31 11.31 10.80 10.80 931 931 11.31
C lowlands 931 931 1,836 56.56 56.56 56.56 80.39 80.39 931 931 56.56
Scouting Cost/acre, §  2.00 2,00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Acres Scouted

A uplands 250 250 250 25 25 25 12.50 12.50 250 259 25

B ridge 250 250 250 25 25 25 12.50 12,50 250 250 25

C lowlands 250 250 250 125 125 125 31.25 31.25 250 250 125
Total Scouting Cost, $

A uplands 500 500 500 50 50 50 25 25 500 500 50

B ridge 500 500 500 50 50 50 25 25 500 500 50

C lowlands 500 500 500 250 250 250 62.50 62.50 500 500 250
Total Cost, $

A uplands 4,808.50 4,808.50 9,031 1,750.06 1,750.06 3,123.81 880.18 1,520.80 4,808.50 4,808.50 3,123,81
B ridge 4,328.50 4,328,50 8,383.50 1,510.06 1,510.06 2,843.81 760.18 1,400.80 4,328.50 4,328.50 2,843.81
C lowlands 5,291 5,291 9,676 2,236.56  2,236,56 3,654.06 1,107.89 1.748.52 5,291 5,291 3,654.06
Soybeans, Cost
Total Cost, $*

A uplands 1,720 1,720 1,868.75 934.38 934,38 1,868.75
B ridge 1,307.50 1,307.50 1,436.25 718.13 718.13 1,436.25
C lowlands 2,112.50 2,112.50 2,280 1,140 1,140 2,280
Total Pesticide

Cost, $

A uplands 4,80B.50 4,808.50 9,031 3,470.06 3,470.06 4,992.56 1,814.56 2,455,18 4,808.50 4,808.50 4,992.56
B ridge 4,328.50 4,328.50 8,383,50 2,817.56¢ 2,817.56 4,280.06 1,478.31 2,118.93 4,328.50 4,328.50 4,280.06
C lowlands 5,291 5,291 9,676 4,349.06  4,349.06 5,934.06 2,247.89 2,888.52 5,291 5,291 5,934.06
Notes: C = corm; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

* See Table A—8 for derivation; see footnotes, Table A-8.

*k

with Dr. Thomas Turpin, Purdue University and on Turpin, F. T., “Insect Insurance: -Potential Management Tool for Corn Insects,” in
Bulletin of the Entomological Society of America, Vol. 23, No. 3, pp. 181~184, September 1977.

Assumes 40% continuous corn treated; 7.5% lowlands CB and CBWM treated; 1% uplands, ridge CB and CBWM treated, based upon discussions



74N

Tabl e A-10E.

Qther Costs - Insecticide Scouting Aternative

Tillage Practices Rotations Terraces
CBWM CBWM

Item C Conv. C Chisel C nNo-till| CB Conv. CB Chisel CB No-till Part. No-till HNo-till, Herb. | ¢ conv. C Chisel CB Ho-tiil
Corn Drying

Total Cost*

A uplands 4,200 4,200 3,990 2,205 2,205 2,205 1,155 1,155 4,480 4,480 2,345

B ridge 5,200 5,200 5,200 2,730 2,730 2,730 1,430 1,430 5,480 5,480 2,870

C lowlands 5,200 5,200 4,160 2,730 2,730 2,457 1,430 1,358.50 5,480 5,480 2,597
Interest on Operating
Capitals

Fertilizer (8 mo.)

A uplands 576.81 576.81 607.98 356.39 356.39 370.55 306.05 310.64 576.81 576.81 370.55
B ridge 649.29 649.29 689.07 390.63 390,63 409.37 319.82 326.51 649.29 649,29 409.37
C lowlands 649.29 649.29 689.07 390.63 390.63 409.37 319.82 326.51 649.29 649.29 409.37
Seed (8 mo.)

A uplands 134.87 134.87 141.67 143.93 143.93 151.16 163.34 160.22 134.87 134.87 151.16
B ridge 148.47 148.47 155.27 150.73 150.73 157.96 166.74 163.62 148.47 148.47 157.96
C lowlands 162.07 162.07 168.87 157.53 157,53 164.76 170.14 167.02 162.07 162.07 164.76
Pesticide (6 mo.)**

A uplands 204.36 204.36 383.82 147.48 147.48 212.18 77.12 104.35 204.36 204.36 212.18
B ridge 183.96 183.96 356.30 119.74 119.74 181.90 62.83 90.05 183.96 183.96 181.90
C lowlands 224.87 224.87 411.23 184.84 184.84 252,20 95,54 122.76 224,87 224.87 252.20
Fuel (3 mo.) 30.32 28.40 23.82 22.82 23.67 18.08 32,05 30.28 30.32 28.40 19.08
Labor (3 mo.} 30.88 27,78 20.37 21.81 23,17 15.77 17,12 14.25 30.88 27.78 15,77
Total Interest

A uplands 977.24 972.22 1,177.66 692.43 694.64 768.74 595,68 619.74 977.24 972.22 768.74
B ridge 1,042.92 1,037.90 1,244.43 705.73 707.94 784.08 598.56 624.71 1,042.92 1,037.90 784.08
C lowlands 1,098.43 1,093.41 1,313.36 777.63 779.84 861,18 634,67 66U, 82 1,098.43  1,093.41 861.18
Total Other Costs

A uplands 5,177.24 5,172.22 5,167.66 2,897.43 2,899.64 2,973.73 1,750.68 1,774.74 5,457.24 5,452.,22 3,113.74
B ridge 6,242.92 6,237.91 6,444.83 3,435.73 3,437.94 3,514.08 2,028,560 2,0%4.71 6,522.92 6,517.90 3,654.08
C lowlands 6,298.53 6,293.41  5,473.36_ 3,507.63 3,509.84 3,318.18 2,004,067 2,Ul9.32 6,578.43 6,573.41 3,458.18
Notes: C = corn-bean; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

*Derivation shown in Table A-10.

See footnotes Table A-10, **Pesticide costs from Table A-8E.
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Table A-12E.

Summary - Insecticide Scouting Aternative

Tillage Practices Rotations Terraces
. CBHM CBWM
Item ¢ Conv. C Chisel ¢ No-till| CB Conv. CB Chisel CB No-till Part. No-till WNo-till, Herb. ] C Conv. C Chisel CB No-till
Gross Revenue, §
. A uylands 52,500 52,500 49,875 46,312.50 46,312.50 44,437.50 43,031.25 %3,031.25 56,000 L, 000 47,437,
B ridge 65,000 65,000 65,000 59,125 59,125 57,875 51,78L.25 51,781.25 68,500 68,500 60,875
C lowlands 65,000 65,000 52,000 59,125 59,125 50,712.50 49,906.25 49,012, 50 68,500 68,500 53,712.50
Costs
Tractor (excl.
Ifu(;l) - 4,604.91 4,537.42 4,281.19 4,272.26 4,301.95 4,056.64 4,734.71 4,672.41 4,604.91 4,537.42 4,056.64
mplements
_fexcl. fuel) 10,643.65 10,365.66 8,913.07 11,134.31 10,828.87 9,376.28 14,493.38 13,728.36 10,643.65 10,365.66 9,376.23
Fuecl1 1,426.99  1,336.54 1,120.86 1,073.97 1,113.78 898,10 1..508.40 1,429,9) 1,426.99 1,336.54 893,10
see:
A uplands 2,380 2,380 2,500 2,540 2,540 2,667.50 2,882.50 2,912.50 2,380 2,380 2,667.50
B ridge 2,620 2,620 2,740 2,660 2,660 2,787.50 2,942.50 2,972,50 2,620 2,620 2,787.50
C_lowlands 2,860 2,860 2,980 2,780 2,780 2,907.50 3,002.50 3,032.50 2,860 2,860 2,907.50
Fertilizer
A uplands 7,540 7,540 7.947.50 4,658.75 4,658.75 4,843.75 4,000.63 4,060.63 7,540 7,540 4,843.75
B ridge 8,487.50 8,487.50 9,007.50 5,106.25 5,106.25 5,351.25 4,180.63 4,268.13 8,487.50 8,437.50 5,351.25
ﬁ:;:;:ﬁ;ﬁgf 8,487.50 8,487.50 9,007.50 5,106.25 5,106.25 5,351.25 4,180.63 4,704.13 8,487.50 4.487.50 5.351.2%
e.
A uplands 4,808,50 4,808.50 9,031 3,470.06 3,470.06 4,992.56 1,814.56 2,455.18 4,808.50 4,808,50 4,992.56
B ridge 4,328.50 4,328.50 8,383.50 2,817.56 2,817,56 4,280.06 1,478.31 2,118.93 4,308.50 4,328.50 4,280.06
C lowlands 5,291 5,291 9,676 4,349.06 4,349.06 5,934.06 2,247.89 2,888.52 5,291 5,291 5,934.06
Labor 2,149.42 2,019.30 1,708.98 1,691.76 1,671.68 1,361.36 2,215.42 2,095,30 2,149.42 2,019.30 1,361.36
Terracing ] 0 [\] 0 0 0 0 0 6,460 6,460 6,460
Other**
A uplands 5,177.24 5,172.22 5,167.66 2,897.43 2,899.64 2,973.73 1,750.68 1,774.74 5,457.24 5,452.22 3,113.74
B ridge 6,242.92 6,237.91 6,444.83 3,435,73 3,437.94 3,514.08 2,028.50 2,054.71 6,522.92 6,517.90 3,654.08
C lowlands 6,298.53 6,293.41 5,473.36_ 3,507.63 3,509.84 3,318.18 2,064.67 2,019, 32 6,578.43 6,573.41 3,454.18
Total Cost (Net of
Land Cost)
A uplands 38,790.71 38,159.64 40,670.26 31,738.54 31,484.73 31,169.92 33,400,248 33,129.03 45,470.89 44,899.04 37,769.47
B ridge 40,5903.89 39,933.05 42,599.43 32,191.59 31,934.03, 31,625.27 33,581,491 33,34u.25 47,243.89 46,672,892 34,225.27
C lowlands 41,762 41,190.83 43,160.97 33,915.24 33,601.43 33,203.37 34,447.62 34,134.45 48,501.90 47,930.83 39,803.37
Net Return (Excl.
Land Cost)
A uplands 13,769.29 14,340.36 9,204.74 14,573.96 14,827,77 13,267.58 4,630,497 Y,9u2, 02 10,529.11 11,100.36 9,667.63
B ridge 24,496.11 25,067.17 22,400.57 26,933.41 27,186,97 26,249.73 18,199.34 14,441.00 21,256.11 21,827.18 22,649.73
C lowlands 23,238 23,809.17 8,839.03  25,209.76 25,463.57 17,509.13 19,458,063 14,873.0% 19,998.10  20,569.17 13,909.13
Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.
pesticide costs from Table A-8E, **Other costs from Table A-10E.



gross revenue in Table A-12E is the sane as in Table A-12; the scouting and
selected treatnent with the recommended insecticide dosage has insured

that there is no yield loss under this alternative. Net returns have

been increased slightly, approximately $1,000 for all options except the

continuous corn no-tillage options for which revenue increased by $2,350

Tabl e A-13E shows the net revenue ranking of the farming practice
options under the scouting alternative. When conpared with Table A-13,
it can be seen that the revenue changes caused by reducing insecticide
use through scouting are not significant enough to cause many changes
in ranking of the options. Wen each soil type is considered separately
the only ranking change which occurs is the novenent of the continuous
corn no-tillage option fromninth to seventh place on the ridge soils.
When all soils are considered together the only change is that net
revenue increases slightly and the continuous corn no-tillage option on the
ridge soil noves up two places. The revenue for the two continuous corn no-
tillage options on the uplands and | owl ands has been significantly increased as
shown by the | ower net revenue bound change from $6,000 in Table A-13 to
$8,000 in Table A-13E. The relative net return of these two options is
so low in the base case, however, that their ranking is not affected by
the revenue increase. The three continuous corn no-tillage options are
nost affected by the pesticide scouting alternative because in the base

case they require the nost insecticide; for the other options, insecticide

costs are not high enough relative to other production inputs for finan-
cial returns to be significantly altered by their reduction. Pesticide
costs account for 8 to 26 percent of total costs, depending on the

farm ng practice used and insecticide costs are 30 to 40 percent of
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pesticide costs.

More interesting results m ght

be gai ned by applying

the scouting option to the increased energy cost scenario where it mght

serve to reduce a very expensive input.

hi gh

| ow

Tabl e A-13E
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Alternative F:  No Insecticide Treatment

This alternative is the extreme end of the variation exam ned in
Alternative E.  In this case no insecticide treatnents are used for
any of the options. Table A-8F shows that pesticide costs have been
reduced by the elimnation of insecticide costs; only herbicide costs
remain. Total pesticide costs have been decreased by approxi nately
$1,000 to $4,500 or by 30 to 45 percent depending on the farm ng prac-

tice (conpare with Table A-8).

In Table A-10F these reduced pesticide costs are translated into
correspondingly reduced interest costs. Corn drying costs are also
reduced since yield |loss occurs as a result of insect damage. Table
A-11F shows the change in yield due to this |oss caused by |ack of insecti-
cide treatment. Losses differ according to soil types and crop rotations
used and are detailed in a footnote to Table A-11F. Crop loss, of course
reduces gross revenue. Conparing Table A-11F to Table A-11, it can be seen
that gross revenue is reduced significantly for the continuous corn

options ($2,000) but only slightly for the other options ($5 to $50).

Tabl e A-12F summarizes the effects of reduced gross revenue and
reduced pesticide costs. Net returns for all options have been increased
slightly conpared to the base case (Table A-12): about $600 for the continu-
ous corn chisel and conventionally tilled options; approximtely $3,000
for the continuous corn no-tillage options; and about $1,000 for all other

opti ons.

The net revenue ranking of all options under this alternative is

shown in Table A-13F. As was true for Alternative E, there are relatively
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Tabl e A-8F.

Pesticide Costs

-- No Insecticide Treatnent Alternative
Tillage Practices Rotations _ Turraces o
CBWM CHWM

Item < Conv. C Chisel C no-till] CB Conv., UB Chisel CB No-till Part. Ro-till No-ril}, Herb. ] ¢ Conv, ¢ Chasel b lw-t1il
Corn, Cost

Herbicide, $/acre* )

A uplands 13.51 13.51 26.78 13.51 13.51 24.50 13,51 23.76 13.51 13.51 24,50
B ridge 11.59 11.59 24.19 11.59 11.59 22.26 11.59 21.84 11.59 11.59 22.20
C lowlands 15.44 15.44 29.36 15.44 15.44 26.78 15.44 25,69 15.44 15.44 26.74
Acres 250 250 250 125 125_ 125 62.5 _62.5 250 _. 250 125 |
Total Cost, §

A uplands 3,377.50 3,377.50 6,695 1,688.75 1,688.75 3,062.50 844.38 1,485 3,377.50  3,377.50 3,062.50
B ridge 2,897.50 2,897.50 6,047.50 1,448.75 1,448.75 2,782.50 724,38 1,365 2,897.50 2,897.50 2,782.50
C lowlands 3,860 3,860 7,340 1,930 1,930 3,347.50 965 1,650.63 3,860 3,860 3,347.50
Soybeans, Cost

Total Cost, §$*

A uplands 1,720 1,720 1,868.75 934.38 934.38 1,868,75
B ridge 1,307.50 1,307.50 1,436.25 718,13 718.13 1,436.25
C lowlands 2,112,50 2,112,50 2,280 1,140 1,140 2,280
Total Pesticide

Cost, $

A uplands 3,377.50 3,377.50 6,695 3,408.75 3,408.75 4,931.25 1,778.76 2,419.33 3,377.50 3,377.50 4,931.25
B ridge 2,897.50 2,897.50 6,047.50 2,756.25 2,756.25 4,218.7% 1,442.51 2,083.13 2,497.50 2,897.50 4,218.75
C lowlands 3,860 3,860 7,340 4,042.50  4,042.50 5,627.50 2,105 2,745.64 3,860 3,860 5,627.50

Hotes: C = corn; CB = corn-bean; CBWM =

* See Table A-8 for derivation; see footnotes Table A-8.

corn~-bean~wheat-meadow.
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Table A-10F.  Other Costs - No Insecticide Treatment Al ternative
Tillage Practices Rotations _ Turracus R
CBWM CBWM

Item C Conv. C Chisel C No-till| CB Conv. CB Chisel CB No-till Part. No-till No-till, Herb, | € Conv. € Chisel CB No-till
Corn Drying

Grain harvested, bu.*

A uplands 25,250 25,250 23,937.50 13,775.62 13,775.62 13,775.62 7,215.94 7,215.94 27,000 27,000 14,650.62
B ridge 31,500 31,500 31,500 17,056.87 17,056.87 17,056.87 8,934.69 8,934.69 33,250 33,250 17,931,87
¢ lowlands 31,500 31,500 25,000 17,034.37 17,034.37 15,328.12 8,916.41 8,469.54 33,250 33,250 16,203.12
Cost per bu,, $** 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Total Cost

A uplands 4,040 4,040 3,830 2,204.10 2,204.10 2,204.10 1,154.55 1,154.55 4,320 4,320 2,344.10
B ridge 5,040 5,040 5,020 2,729.10 2,729.10 2,729.10 1,429.55 1,429,585 5,320 5,320 2,869.10
C lowlands 5,040 5,040 4,000 2,725.50  2,725.50  2,452,50 1,426.63 1,355.13 5,320 5,320 2,592.50
Interest on Operating
Capital#**
Pertilizer (8 mo.)

A uplands 576.81 576.81 607.98 356.39 356,39 370.55 306.05 310.64 576.81 576.81 370.55
B ridge 649.29 649.29 689.07 390.63 390.63 409.37 319.82 326,51 649.29 649.29 409.37
C lowlands 649,29 649,29 689.07 390.63 390.63 409,37 319.82 326.51 649,29 649.29 409.37
Seed (8 mo.)

A uplands 134.87 134.87 141.67 143.93 143.93 151.16 163.34 160.22 134.87 134.87 151,16
B ridge 148.47 148.47 155.27 150.73 150.73 157.96 166.74 163.62 148.47 148.47 157.96
C lowlands 162.07 162.07 168.87 157.53 157.73 164.76 170.14 167.02 162.07 162.07 164.76
Pesticide (6 mo.)#***

A uplands 143.54 143,54 284.54 144.87 144.87 209.58 75.60 102.82 143.54 143.54 209.58
B ridge 123.14 123.14 257.02 117.14 117.14 179.30 61.31 88.53 123.14 123.14 179. 30
C lowlands 164.05 164,05 311,95 171.81 171.81 239.17 89.46 116.69 164.05 164.05 239,17
Fuel (3 mo.) 30.32 28.40 23.82 22,82 23.67 19.08 32.05 30.28 30.32 28.40 19.08
Labor (3 mo.) 30.88 27.78 20,37 21.81 23.17 15.77 17.12 14.25 30.88 27.78 15.77
Total Interest

A uplands 916.42 911.40 1,078.38 689.82 692.03 766.14 594.16 618.21 916.42 911.40 766.14
B ridge 982,10 977.08  1,145.55 703.13 705.34 781.48 597.04 623.19 982.10 977.08 781.48
C lowlands 1,081.02  1,032.59 1,214,08 764.60 766.8) 848,15 628.59 654.75 1,037.61  1,032.59 848.15
Total Other Costs

A uplands 4,956.42 4,951.40 4,908.38 2,893.92 2,896.13  2,970.24 1,748.71 1,772.76 5,236.42 5,231.40 3,110.24
B ridge 6,022.10 6,017.08 6,185.55 3,432.23  3,434.44 3,510.58 2,026.59 2,052.74 6,302.10 6,297.08 3,650.58
C lowlands 6,077.61  6,072.59  5,214.08  3,490.10  3,492.31 3,300.65 2,055.22 2,009.88 6,357.61  6,352.59 3,440.65

Notes: C = corn;

* From Table

CB = corn-bean; CBWM = corn-bean-wheat-meadow.

A~11F, **See footnotes Table A-10, ***From Table A-8F.
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Table A-11F.

Revenue -- No Insecticide Treatment Alternative
Tillage Pract:ces Rotations Terraces !
CBWH CBWH i
Item C Conv. C Chisel C No-till| CB Conv. CB Chisel CB No-till Part. No-till MNo-till, Herb. | C Conv. C Chisel CB Ho~txllJ
Coxrn
Expected yield,
bu/acre **
A uplands 105 105 99.75 110.25 110.25 110.25 115.50 115.50 112 112 117.25
B ridge 130 130 130 136,50 136.50 136.50 143 143 137 137 143.%u
C lowlands 130 130 104 136.50 136.50 122.85 143 143 137 137 129,45
Area cropped, acres 250 250 250 125 125 125 62,50 62,50 250 250 125
Loss*
A uplands 1,00 1,000 1,000 5.63 5.63 5.63 2.481 2.81 1,000 1,000 5.63
B ridge 1,00 1,000 1,000 5.63 5.63 5.63 2.8) 2.81 1,000 1,000 5.03
C lowlands 1,0 1,000 1,000 28.13 28.13 28.13 21.09 21,08 1,000 1,000 24.13
Total output, bu.
A uplands 25,250 25,250 23,937.50 13,775.62 13,775.62 13,775.62 7,215.94 7,215.94 27,000 7,000 4,650.62
B ridge 31,500 31,500 31,500 17,056,87 17,056.87  17,056.87 ¥,934,69 #,934.69 33,250 33,250 17,431,487
C lowlands 31,500 31,500 25,000 17,034.37 17,034.37 15,328.12 8,916.41 8,469.54 33,250 3,250 16,203.12
Expected price/
$/bu.** 2 2 2 2 2 2 2 2 2 2
Gross Revenue, $
A uplands 50,500 50,500 47,875 27,551.24 27,551,24 27,551.24 14,431.88 14,431.88 54,000 54,000 14,644.9Y9
B ridge 63,000 63,000 ©3,000 34,113.74 34,113.74 34,113.74 17.869.38 17.869.38 66,500 6b, 500 17,926,249
C lowlands 63,000 63,000 50,000 34,068.74 34,068.74 30,656.24 17,832.482 16,939.08 66,500 66,500 32,406..4
Soybeans
Gross Revenue, $**
A uplands 18,750 14,750 16,875 8,437,50 8,437.50 18,129
B ridge 25,000 25,000 23,750 11,475 11,475 25,000
C lowlands 25,000 22,500 20,000 10,000 10,000 21,250
== S
Wheat
Gross Revenue, §** 7,031.25% 7,031.25
Hay
Gross Revenue, $**
A uplands 13,215 13,215
B ridge 15,000 15,000
C lowlands 15,000 15,000
TOTAL GROSS
BYENUE, §
A uplands 50,500 50,500 47,875 46,301.24 46,301.24 44,426.24 43,025.63 43,025.63 54,000 54,000 47,426.24
B ridge 63,000 63,000 63,000 -59,113.74 59,113.74 57,863.74 51,775.63 51,775.63 66,500 66,500 60,863.74
¢ lowlands 63,000 63,000 50,000 59,068.74 59,068.74  50,656.24  49,864.07 _  48,970.32 _ 66,500 66,500 53,656.24
Notes: C = corn; CB = corn-bean; CBWM = corn-bean-wheat-meadow.

* Loss due to lack of insecticide treatment.

“"Ingecticide Insurance, Potential Management Tool for Corn Insects,”
pp. 181-184, September 1977.

RE For derivation

e w1l AT T L e L dian el . mo - oma
see Tablie A—11; See LOOLNOLes, Taple A-1l.

Assume 10 bu/acre loss on 40% of acreage for continuous corn.
assume 4.5 pu/acre loss on 5% and 7.5%, respectively, of corn acreage for the lowlands.
and CBWM on the uplands and ridge.

For CB and CBWM,

Assume 4.5 bu/acre loss on 1% of acreage for CB
Assumptions based upon discussions with Dr. Thomas Turpin, Purdue University and on Turpin, F. T.,
in Bulletin of the Entomological Society of America, Vol. 23, No. 3,
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Table A-12F. Sunmary - No Insecticide Treatment Alternative
Tillage Practices l Rotations o . _Terraces
I CEWM CBWM
Item C Cunv. C Chisel C lo-till] B Conv. CB Chisel CB No-till Purt. No-till WNo-till, Herb, | C Conv. ¢ Chisel B No-ti.}
Gross Revenue, $*
A uplands 50,500 50,500 47,875 46,301.24 46,301.24  44,426.24 43,025.63 43,025.63 54,000 54,000 47,426.24
B ridge 63,000 63,000 63,000 59,113.74 59,113.74 57,863.74 51,775.63 51,775.63 6,500 66,500 60,853.74
C uplands 63,000 63,000 50,000 59,068.74 59,068.74  50,656.24 49,864.07 48,970.32 66,500 66,500 53,656.24
Costs
Tractor {(excl.
fuel) 4,604.91 4,537.42 4,281.19 4,272.26  4,301.95 4,056.64 4,734.71 4,672.41 4,604.31  4,537.42 4,056. 64
Implements
_lexcl. fuel) 10,643.65 10,365.66  8,913.07 11,134.31 10,828.87 _ 9,376.28 14,493.38 13,728.36 10,4365 10,3065.66 9,376.28
Fuel 1,426.99  1,336.54 1,120.86  1,073.97 1,113.78 898.10 1,508.40 1.,429.40 1,426.99  1,336.54 ¥93.1¢C
Seed
A uplands 2,380 2,380 2,500 2,540 2,540 2,667.50 2,882.50 2,912.50 2,380 2,380 2,667.5C
B ridge 2,620 2,620 2,740 2,660 2,660 2,787.50 2,942.50 2,972.50 2,620 2,620 2,787.50
C lowlands 2,360 2,860 2,980 2,780 2,780 2,907.50 3,002.50 3,032.50 2,860 2,860 2,907.50
Fertilizer
A uplands 7,540 7,540 7,947.50 4,658.75 4,658.75 4,843.75 4,000.63 4,060.63 7,540 7,540 4,843.75
B ridge 8,447.50 8,487.50 9,007.50 5,106.25 5,106, 25 5,351.25 4,180,63 4,208.13 8,487.50 8,147.50 5,351.:5
C lowlands 8,487.50  8,487.50  9,007.50 5,106.25 5,106.25 5,351.25 4,180.63 4,268.13 8,487.50  8,487.50 5,351.25
Pesticides**
A uplands 3,377.50 3,377.50 6,695 3,408.75  3,408.75 4,931.25 1,778.76 2,419.33 3,377.50  3,377.50 4,931.25
B ridge 2,897.50 2,897.50 6,047.50 2,756.25 2,756.25 4,218.75 1,442.51 2,083.13 2,897.50  2,897.50 4,218.75
C lowlands 3,860 3,860 7,340 4,042.50  4,042.50 5,627.50 2,105 2,745.63 3,860 3,860 5,627.50
Labor 2,149.42  2,019.30 1,708.98 1,691.76 1,671.68 1,361.36 2,215.42 2,095.30 2,149.42  2,019.30 1,361.36
Texracing 0 0 0 0 0 0 0 0 6,460 6,460 6,460
Other*=#*
A uplands 4,956.42 4,951.40 4,908.38 2,893,992 2,896.13 2,970.24 1,748.71 1,772,760 5,236.42  5,231.40 3,110.24
B ridge 6,022.10 6,017.08 6,185.55 3,432.23 3,434.44 3,510.58 2,026.59 2,0%2.74 6,302.10 6,297.08 3,650,954
C lowlands 6,077.61 6,072.59 5,214.08  3,490.10  3,492.31 3,300.65 2,U55.22 2,009, 88 6,357.61  6,352.59 3,440.65
Total Cost (Net of
Land Cost)
A uplands 37,078.89 36,507.82 38,074.98 31,673.72 31,419.9Y 31,105.12 33,30u2.91 33,0ly.25 43,818.89 43,247.82  37,705.12
B ridge 38,852,07 38,281 40,004.15 32,126.78 31.873.22 31,560.46 13,544.14 33,3002,48  45,592.07 15,021 34,160.40
C lowlands 40,110.08 39,539.01 40,565.69 33,591.15 33,337.34  32,906.24 34,294,248 33,942,12  46,850.08 46,279.01 39,479,278
Net Return (Excl.
Land Costs)
A uplands 13,421.11 13,992.18 9,800.02 14,627.52 14,881.33 13,321.12 9,603,112 9,934.38 10,181.11 10,752.18 9,721.12
3 ridge 24,147.93 24,719 22,995.85 26,986.96 27,240.52 26,303.24 14,231.49 18,473.15  20,907.93 21,479 22,693.28
C lowlands 22,889.92 23,460.99  9,434.31 25,477.59 25,731.40  17,749.96 15,568.7Y 14,984.20 19,649.92 20,220.99  14,176.96

Notes: C€ = corn; CB

*From Table A-1

1F, **From Table A-8F,

= corn-bean; CBWM = corn-bean-wheat-meadow.

***From Table A-10F.
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few shifts in financial return position as a result of elinminating insec-
ticide treatment altogether. The continuous corn no-tillage options on
the ridge and uplands noved up in the ranking because they bear the heavi-
est pesticide costs in the base case and this alternative relieved this
burden somewhat. Net revenue inproves for all options and particularly
for the continuous corn no-tillage options, one of which remains at the
bottom of the ranking, however. COher shifts in position that occur

when all soils are ranked together are a result of slight differences

in gain or loss fromthe decreased revenue and decreased pesticide costs

and are not especially significant.

The same concl usions can be drawn fromthis alternative as from
Alternative E, nanely, that insecticide costs are not significant relative
to other productions costs and therefore even total elimination of these
costs (which account for at nost 10 percent of total costs) will not
affect the farmer's choice of farming practice. This is true even though
there is a reduction in yield caused by the |ack of pesticide use; the
decreased pesticide costs more than make up for the |ost revenue. As
with Alternative E, it mght be worthwhile to combine the no insecticide
treatment alternative with other alternatives that have been considered

such as the increased energy scenario.
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Appendi x B

Met hods for Predicting Watershed Loadi ngs

| ntroduction

The net hods descri bed bel ow have been devel oped to assess the
i mpacts of agricultural practices on nonpoint pollutant |oadings. The
model s are of an enpirical nature and are concerned with |ong-term aver-
age enmissions, in the spirit of the Universal Soil Loss Equation (Wsch-
meier and Smith, 1972). Average export rates of the follow ng substances

are evaluated in surface runoff and in subsurface drainage:

1) Sedinent (sand, silt, and clay fractions);
2) Phosphorus (extractable particulate and sol uble)
3) Soluble nitrogen; and

4) Dissolved color

The conputed concentrations of these conponents are assunmed to be repre-
sentative of average water quality conditions in rivers draining the
agricultural watersheds. The nethodol ogy is appropriate for |inking
with downstream nodels for the purpose of evaluating quality inmpacts in
i mpounded waters, as discussed in a subsequent section (see Methods for

Predicting | nmpoundnent Water Quality).

Using the generalized pathways depicted in Figure B-1, emissions are

computed as functions of the follow ng characteristics:
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1) Surface Soil Properties
a) Erodibility (K factor in LISLE, Wschneier and Smith, 1972);
b) Texture (sand, silt, and clay content);
c) Hydrologic Soil Goup (SCS/ USDA, 1971);
d) Extractabl e phosphorus content (in each texture class);

e) Phosphorus distribution coefficient (g extractable P/kg
Soil)/ (g dissolved p/m® soil solution); and

f) Oganic matter content (in each texture class).
2) Watershed/Field Properties:

a) Slope;

b) Slope Iength;

) Surface area;

(]

d) Total flow (runoff and drainage); and

) Rainfall erosivity (R factor in USLE);

D

3) Agricultural Practices:
a) Cropping factor (C in USLE)
b) Practice factor (P in USLE)
c) Nitorgen and Phosphorus fertilization rates;
d) Tillage depth; and

e) Crop residue managenent.

The net hodol ogy is based upon the Universal Soil Loss Equation (USLE),
whi ch has been devel oped by the USDA for use in the soil conservation
area. This equation and its tabul ated paranmeter estimtes are based
upon a large data-collection and analytical effort. A nunber of addi-
tions have been made in this study in order to nake the USLE a nore use-

ful tool for evaluating water quality inpacts. The formulations and
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calibrations of the additional functions are based upon substantially

| ess data and analysis than the USLE and could therefore be described

as less objective. Analysis of further experimental and nonitoring data
could lead to a more objective basis for some of the assumed functiona
forms and parameter estinmates. However, for this study relatively sub-
jective assessments are relied upon -- substantiated when possible with
data and the opinions of experts. A sensitivity analysis will help to
determ ne which assunptions are nost inportant in evaluating both the
absolute and the relative inpacts of agricultural practices on watershed

em ssions and on downstream water quality.

The nethodology is applicable to a single field or plot of uniform
characteristics. In this prelimnary assessnent of agricultural prac-
tices, a hypothetical watershed is assumed to be conprised of a nunber
of fields of equal characteristics. This provides a rough neasure of
the unit enmissions and water quality inpacts of a given field/soil type/
agricultural practice conmbination. The methodol ogy could be applied to
a heterogeneous watershed consisting of a number of areas, each with its
own set of field/soil typel/practice specifications. The effects of
het er ogenous wat ershed characteristics on practice eval uations and con-
clusions are considered higher |evel questions, which are best addressed

subsequent to an anal ysis of honogenous wat er sheds.

In order to be conpatible with the econonic analysis carried out in
this study the nodels are calibrated to three different field/soil types
which are characteristic of the Black Creek Watershed, Indiana. A

research and denonstration program sponsored by the EPA (Christenson and
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Wilson, 1976, Lake and Morrison, 1975, has provided some data for cali-
brating the models to these three field and soil types. In the discus-
sion below, general (i.e., process-related) parameter estimates are pre-
sented immediately after the corresponding functions. Soil- and practice-
specific parameters are presented and discussed in a separate section. In
view of the preliminary nature of many of the functional forms and parame-
ter estimates, a final sensitivity analysis is essential to understanding
and assessing the feasibility of applying the methodology in a planning

context.

Sediment

Estimation of gross sheet and rill erosion rates are obtained

through use of the Universal Soil Loss Equation (Wischmeier and Smith, 1972):

S = .224 RKLS PC (1)
where,
S = gross erosion rate (kg/mz—yr)

R = rainfall erosivity factor

~
It

soil} erodibility factor (tons/acre-year)
LS = length/slope factor

P = practice factor

.224 = dimensional factor «kg/mz)/(tons/acre))

The C factor is computed considering the seasonal variations in soil
cover and rainfall erosivity, as prescribed by Wischmeier and Smith.

Detailed discussions of the bases, assumptions and parameter estimates
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of this nodel are available el sewhere (Wschneier and Smith, 1972,

W schneier, 1976, EPA and USDA, 1975, and MR, 1976).

The length/slope factor is conputed using the follow ng function

(Wschneier and Smith, 1972):

L, = YL (.0076 + .0053g + .0076g2) (2)

L = length of slope (feet)

g = slope gradient (percent)

Eroded sediment is usually enriched in fine particles, relative to
the surface soil of its origin. This enrichment is apparent in edge-of-
field sediment nmeasurenments (Soltenberg and White, 1953; Kilnner, 1960),
in river sedinments nmeasurenments (Rausch and Hei nemann, 1975; Jones et al
1977) and in |ake bottom sediment neasurenments (Stall, 1972). Since
finer fractions of soil have higher surface areas per unit mass, they
general Iy have higher adsorption capacities and higher nutrient and
organic matter contents, expressed as grans per gram of solid (Buckman

and Brady, 1960).

Enrichment of fine particles in sedinent is considered here in
order to permt explicit calculation of the nutrient and organic matter
contents of eroded sediment based upon the measured nutrient and
organic matter contents of various soil size fractions. This is an
alternative to the use of gross "enrichment ratios" (MR, 1976).

By explicitly considering the clay, silt, and sand fractions in soi

174



and eroded sedinent, differences in the behavior of these fractions in
rivers and in inmpoundnents can be nodeled. This also forms a basis for
future devel opnent of nodels for other constitutents, such as biocides
or biocide residues, which may al so show preferential adsorption to

fine particles.

The enrichment phenonmenon has been shown to increase wth decreas-
ing gross erosion and runoff rates. For instance, Stoltenberg and Wite
(1953) found that the clay content of eroded material froma soil con-
taining 16 percent clay increased from 25 percent to 60 percent as run-
of f rates decreased from2.84 to .01 inches/hour. Raush and Hei nemann
(1976) found that the clay fraction in river sedinment froma watershed
in Mssouri increased from 30 percent to 80 percent as peak storm fl ows
decreased from10 to .3m3/sec. An enpirical function for conputing
phosphorus enrichment ratios devel oped by Massey et al (1953) and pre-
sented by MR (1976) is qualitatively consistent with this behavior, in
that it predicts an increase in the phosphorus enrichnment ratio, given
a decrease in either the total sedinment concentration or the tota

erosion rate.

In order to account for enrichnent, the texture of eroded sedi ment
is conmputed as a function of soil texture and S, the gross erosion rate,

using the followi ng assumed rel ationshi ps:

E __S .S X3
Xep, = Xop T (XDéL o) () (3)
Xi; + 8
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¥a =~ %2 T3 1 (4)
E E B
X5y = L - %o, ~ %sa (5)
S
X
M SI
Xer, =1 - (6)

wher e

XCL' XSI’ XSA = clay, silt, and sand fractions of eroded sedi nent

S S s  _ . . .
Xop,r Xg17 XSA = clay, silt and sand fractions of surface soi
K1, K2, X3 = enpirical paraneters
X?L = maxi mum cl ay content of eroded sedi nent

According to these equations, sedinment texture approaches that of surface

soil as S approaches infinity, while the clay, silt, and sand fractions

approach Xor M 1- XM, and 0 as S approaches zero. The following tentative
L !

paraneter values are assuned:

K, = .50 kg/m2 - year
Ko = 20.0 kg/m2 - year
X3 = 2.0
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The behavi or of sedinent texture as a function of S for these paraneter
values and for a typical soil texture is depicted in Figure B-2. Wile
explicit, quantitative justification for the assumed paraneter val ues
cannot be given, sedinent texture conputed according to this scheme

agrees qualitatively with the data di scussed above. Direct calibration

and testing should be done, when the appropriate data are avail able.

Estinmates of gross erosion for each texture class are converted to
wat er shed emi ssion rates by application of a sediment delivery ratio,

which is conputed as a function of downstream watershed area and texture

cl ass:
D _ _E
Scr = S¥cr, Phcy (7)
D E
S =
st - S%gr Pdgr (8)
D E
sa = S%sa Ddgy (9)
wher e
D D D _ , . 2
Scr’ Sgr7 Sga delivered clay, silt and sand (kg/m“ - year)
D = reference delivery ratio

dCL, dSI, dsA = delivery ratio nultiplier for clay, silt and

sand fractions.

Total watershed area has been often used as an independent variable for

predicting nean sedi nent delivery ratios (EPA/USDA, 1976; Vanoni, 1975).
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Data from a table in EPA/USDA (1976), have been fit to the followi ng enpiri-

cal function

B o=k, A (10)
wher e

Ky = .34

Xs = .20

total watershed area (km?)

=

nean delivery ratio

v}
1

Wil e other factors have been enployed as delivery ratio predictors, the
above functional formhas been npbst w dely used (Vanoni, 1975). In a

het er ogeneous wat ershed, however, direct application of equation (10)

to the areal nmean gross erosion rate could lead to errors, because it
does not take into account the fact that delivery ratios are likely to

be higher in the |ower contours of a watershed than in the upper contours,
due to shorter transport distances. This can be denonstrated quantita-
tively. By differentiating the product of the total watershed area and
the average delivery ratio (conputed according to equation (10)), it can

be shown that equation (10) inplies the follow ng:

= _ -Ks _ ~.20
DAD-— (1 K5) K2 = .27 Aj (11)
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wher e

DA = localized delivery ratio for a region at the uppernost con-
D

tour of a watershed

AD = wat ershed area downstream (km?)

D, is a localized delivery ratio, whereas B, in equation (10), repre-
D

sents the average value over an entire watershed. Equation (11) pre-
dicts lower effective delivery ratios in higher areas within a given

wat ershed.  For application in heterogeneous watersheds, the D value in
equations (7) to (9) should be conputed for each sub-area using equation
(11) and the downstream watershed area, as opposed to the total water-
shed area. In hompbgeneous watersheds, results are independent of

whet her equation (10) or equation (11) is used

A graph in MR (1976) indicates that delivery ratios for clay, silt,
and sand are approximately in the ratios 5:3:1. |If these ratios are
normalized to a dsi value of 1, the following delivery ratio multipliers

are cal cul ated

dCL = 1.67
dgr = 1.00
dSA = 0.33

These multipliers are assuned to be independent of |ocation in a given

wat er shed.
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The total sedinent |oad transported to a downstream i npoundment is
conputed as the sumover the texture classes nmultiplied by the ratio of

wat ershed area to inmpoundment surface area:

éD = (scDL + s]SDI + SEA) % (12)
wher e

SD = inpoundnent sediment |oad (kg/m? surface area-year)

A, = inpoundnent surface area (km?)

The conputed sedinent delivery of each texture class is used to estimte
sedinentation rate, phosphorus trapping rate, and suspended solids con-

centration in the inpoundment , according to the nethodol ogy discussed

separately (see Appendix Q).

Runof f and Percol ati on

Predictions of the em ssions of soluble phosphorus and color are
dependent upon estimtes of average surface runoff rates. The total flow
rate froma watershed or field is assumed to consist of two conponents,

the sum of which is independent of the agricultural practice:

g =d; + 9, (13)

wher e

q = total flow rate (myear)

surface runoff rate (myear)

= subsurface drainage (nfyear).
181
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This essentially assumes that average evapotransporation rates are not
significantly influenced by the node of farmoperation. The runoff

conponent, 9r’ is evaluated as:

-— O -
dp = g (1-fp) (14)
wher e
q; = baseline runoff rate for straight-row, continuous corn on soi
of the appropriate hydrologic group (myear)
fR = runoff reduction factor appropriate for agricultural practice

and soil type

This method is based upon the results of simulations perforned by Wol -
hi ser (1975, 1977), using a nodification of the SCS Curve Nunber runoff
model (SCS, 1971). These sinulations have provided regional estimates
of average annual runoff rates for soils in various Hydrol ogi c G oups
(SCS, 1971) and for two basic agricultural practices: straight row,
continuous corn and continuous neadow, which represent the approximte
upper and lower limts of g respectively, as influenced by agricultura
practice. The forner are used here as reference values and equated to
q; for the appropriate soil group and region. Some of Wol hiser's sinu-
lation results are summarized in Table B-1. Regional variations in q; are

shown in FiguresB-3 through B-6 for soils in various Hydrol ogic G oups.

Val ues of £, are sensitive both to soil type and to agricultura

practice, since sone practices are only effective on certain soil types.

Estination of fR val ues is based upon Wol hiser's Table 14 and Figure 32
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Table B-1. Results of Direct Runoff Sinulations (EPA/USDA 1975)

% reduction in annual runoff - % reduction in growing season runoft
1 Estimated e Estimated b &
(inches) Contouring, Contoured and Meadow runoff (inches) Contouring, Contoured and Meadow

R9 terraced, R9, R 12 R 16 RY terraced, R9, R 12 R 16
Wichita, KS B 2.2 ii 22 81 1.7 i5 25 80
Columbia, MO D 5.3 20 37 75 2.9 31 53 68
Columbus, OH c 3.6 12 21 75 1.0 10 24 3
Des Moines, 1A B 1.6 18 27 89 0.9 24 38 85
Grand Isl., NB B 1.5 16 23 88 0.9 12 26 90
Sioux fall, SD B 1.2 8 16 54 0.7 i3 28 95
Cairo, IL B 4.7 1 9 78 1.3 I 24 80
Indianapolis, IN C 5.2 11 21 15 1.7 23 42 74
Springfield, [L B 2.6 12 22 89 1.4 12 24 83
Houston, TX D 11.3 17 36 52 5.9 17 36 49
Raleigh, NC B 2.4 16 32 88 1.1 19 35 88
Charleston, WV C 4.0 14 25 75 1.2 25 36 62
Birmingham, AL B 7.2 11 21 72 1.8 14 29 74
Columbia, SC B 4.4 17 31 83 2.3 21 39 82
Dallas, TX D 8.3 15 32 55 5.1 14 29 53
Little Rock, AR D 13.4 12 24 58 5.5 11 24 57
Buffalo, NY B 1.5 13 23 89 0.7 33 54 100
Boston, MA A 2.2 6 15 94 0.6 I 26 85
Scranton, PA C 2.6 16 30 82 0.8 21 32 78
Pittsburgh, PA C 3.2 10 19 83 0.9 22 41 8s
Seattle, WA B 2.9 20 35 85 0.1 33 55 85

! More than 4,000 soils in the United States and Puerto Rico have been assigned by the Soil Conservation Service to Hydrologic soil groups A through D on the basis of their

runoff potential. Hydrologic group A has low runoff potential; group D has a high runoff potential; and B and C are intermediate. For a more detailed discussion, see Volume II,
Appendix A.
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(EPA/ USDA, 1975), which are reproduced here as Table B-2 and Figure B-7,

respectively. In the former, the effectiveness of various practices in
reducing runoff are qualitatively evaluated as "slight," "noderate,"
and/or "substantial." Figure B-7 provides a basis for obtaining sem -

qguantitative estimates of fR val ues from the indications provided by
Table B-2.* The latter are interpreted considering the characteristics

of the soil and any local experinental or nonitoring data. Wol hiser's
simulations and hence this procedure are less reliable in areas in which

snownelt is a domnant hydrol ogic factor (Wol hiser, 1975).

The subsurface drainage, or percolation rate is estinmated by

di fference
9y = q - 9 (15)

Estinates of g values are obtained from regional streanflow records. A

typical value for the Cornbelt is .25 myear

Phosphor us

Phosphorus emissions are estimated as the suns of three separate
components:  extractable particulate, soluble, and sol ubl e phosphorus
| eached from surface crop residues during snowrelt. Only the NH4F/HC1

extractabl e portion of the particul ate phosphorus (Bray P) is included.

* The reduction factors in Figure B-7 are related to mean grow ng season
potential direct runoff, which can be estinmated from nean annual potentia
direct runoff by conparing the appropriate colums in Table B-1. The per-
centage reductions are assuned to be appropriate for both tine scales.

(See Table B-1.)
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Table B-2. EFFECTS OF VARI QUS PRACTI CES ON DI RECT RUNCFF ( EPA/ USDA, 1975)

No. Runoff Control Practice Practice Higklights'
R No-till plant in prior crop residues Variable effect on direct runoft from substantial reductions to
increases on soils subject to compaction,
R 2 Conservation tillage Slight to substantial runoff reduction.
R3 Sod-based rotations Substantiat runoff reduction in sod year; slight to moderate
reduction in rowcrop year.
R4 Meadowless rotations None to slight runoff reduction.
RS Winter cover crop Slight runoff increase to moderate reduction.
R6 Improved soil fertility Slight to substantial runoff reduction depending on existing
fertility level.
R7 Timing of tield operations Slight runoff reduction.
R8 Plow plant systems Moderate runoff reduction.
R9 Contouring Slight to moderate runoff reduction.
R 10 Graded rows Slight to moderate runoff reduction.
R 11 Contour strip crapping Moderate to substantial runott reduction.
R 12 Terraces Slight increase to substantial runoff reduction.
R 13 Grassed outlets Slight runoff reduction.
R 14 Ridge planting Slight to substantial runoff reduction.
R 1§ Contour listing Moderate to substantial runotf reduction.
R 16 Change in land use Moderate to substantial runoff reduction.
R 17 Other practices
Contour furrows Moderate to substantial reduction.
Diversions No runoff reduction.
Drainage Inerease to substantial decrease in surface runofT,
Landfarming Increase to slight runolt reduction,
R 18 Construction of ponds None to substantial runoft reduction. Relatively expensive.

Good pond sites must be available. May be considered as a

treatment device

feaiment Covile,

This is considered by sone to be a neasure of the "avail able" particulate
phosphorus (Romkens and Nel son, 1974). The remaining inorganic and organic
particulate forms are assumed to be unavailable to support algal growth in
downstream inpoundnents. Extractable and total particul ate phosphorus data
fromsoils in the Black Creek area (Sommers et al, 1975) generally support

Taylor's (1967) suggestion that about ten percent of the phosphorus in soils
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is available for aquatic plant growth. Oher investigators have used ot her
definitions of "available P" which would correspond to | ower percentages of
total P (Porter, 1975). This is an inportant assunption which is critica
to evaluating the effects of erosion controls on eutrophication and requires

additional study.

The first step in estimating phoshorus enmissions is to evaluate
the extractabl e phosphorus content of the surface soil as a function of

100
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Figure B-7. Definition of Ranges of Reduction in Mean
G owi ng Season Direct Runoff (EPA/USDA, 1975)
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fertilization rate, tillage depth, and baseline soil phosphorus Ievels.
Direct neasurenents of the extractabl e phosphorus contents of the vari-
ous soil size fractions are relied upon for nodel calibration. The base-

line, average soil phosphorus level is conputed from

o "o _S o S o _S

o= Por *cr * Psrfsr t Pea¥ea (16)
wher e

p° = baseline, aver age phosphorus content of surface soil (gP/ kg soil)

o .o O
P._, P, P

cn’ Far’ Fsa T basel i ne extractabl e phosphorus content of clay,

silt, and sand fractions in surface soil (gP/ kg

solid).

The rates and depths of phosphorus addition to surface soils have
been observed to influence the surface soil phosphorus content (Ti nmons,
et al, 1973; Brigham 1977, R&mkens and Nel son, 1974; R3mkens, et al,
1973). A nearly linear relationship between the rate of fertilizer
addition and the concentration of available phosphorus in surface soi
has been reported by Ronkens and Nel son (1974). Timmons, et al. (1973)
detected increases of about .005 and .035 g available P/kg in eroded
sediment fromplots receiving equal fertilizer doses which were plowed
under and surface broadcast, respectively. These increases are relative
to unfertilized plots, the sedinent from which averaged about .010 gP/ kg
By decreasing the depths of fertilizer incorporation, use of mnimm
tillage methods causes an increase in the surface soil phosphorus |evel,
which tends to offset the benefits of such practices as neans of con-
trolling phosphorus |osses through erosion (Brigham 1977).
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The increase in surface soil phosphorus over baseline |evels due to

fertilization and tillage method is estinated as foll ows:

p

AP = ——— (17)
P2

wher e
AP = increase in surface soil phosphorus (gP/ kg soil)
F, = fertilization rate (gp/m? - yr)
pg = surface soil density (kg/m?®)
2 = effective tillage depth (m
_ . -1
Kg = enpirical paraneter (yr)

The enpirical parameter K6 accounts for renmoval and conversion of fertilizer
phosphorus into unavailable forms. The inverse of K6 is a measure of the
fraction of the added fertilizer phosphorus which is recoverable as avail -
abl e soil phosphorus. Laboratory studies by Rémkens and Nel son (1974) have
given fractions ranging from.25 to .76 for various soil types. A value
of .50 is assumed here, corresponding to a K6 value of 2 yeéﬂ'. Conbi ned
with a eg estimate of 1300 kg/n? (Buckman and Brady, 1960), this gives in-
creases of .037 and .005 gP/kg for mninumtillage (ZT =1 inch = .025m and
conventional tillage (ZT = 7 inches = .18nm), respectively, when a typica
fertilization rate of 2 gP/mz—yr is used. These results are in line with
those of Timmns et al. (1973), as discussed above.

Wth the increase in surface soil phosphorus |evel conputed according

to the above schene, corresponding increases in the phosphorus content of
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each texture class are evaluated as foll ows:

p5 = p° 4+ AP (18)
S _ _o AP
Pop = P 7 Po) (19)
S o AP
Por = Por (1 + O) (20)
P
S o AP
Poa = Fgy O F Po) (21)
wher e
PS = surface soil phosphorus content (gP/ kg soil)
PS PS PS = hosphorus content of cla silt, and sand fractions
cL’*s1’fsa - PNOSP Y )

The | oad of sedinment phosphorus transported downsteamto the inpoundment

eval uated as the sumover the texture cl asses:

LP

wher e

LP

The second conponent of phosphorus loading is the soluble fraction,

(gP/ kg soil)

=2 P o+

SED CL "CL

SED

D PS + SD

ST "5 SA

P

S
SA

)

A
W
AI

(gP/m2 i mpoundnent surface area-yr)

= | oadi ng of avail abl e phosphorus in sedi nent

is

whi ch

is exported fromthe watershed in surface runoff and subsurface drainage:

Lp

so. = (Gg Cg * 9

AW
Cc.) —
D AI
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wher e

CR = sol ubl e phosphorus concentration in surface runoff (g/m3)
CD = sol ubl e phosphorus concentration in drai nage (g/m3)
LPSOL = | oadi ng of sol ubl e phosphorus transported to the

i mpoundnent (g/mz—yr).

The runoff and drai nage rates, and dps respectively, are estinated accord-

Ir
ing to the methods described previously. Sol uble phosphorus concentrations
in surface runoff are conputed fromthe average eroded sedi nent contents,

assuming a linear adsorption isotherm

E
P

C, = — (24)

R YP

E_LE _S E _S E _S
Pr= Xop For *¥gp Fop t Xgy Pop (25)

wher e
YP = phosphorus distribution coefficient (m3/kg)
PE = average avail abl e phosphorus content of eroded sediment (g/kg).

Yp is a soil-specific parameter which is eval uated based upon soil avail able
phosphorus and sol ubl e equilibrium phosphorus concentrations (Tayl or and
Kuni shi, 1971). Based upon data from Rdmkens and Nel son (1974), Yp ranges from
.1to 1l m3/kg for different soil types. Data fromthe Black Creek area
(Sommers et al, 1975) indicate a range of .5 to 1 m3/kg.

Drainage is assunmed to be in equilibriumwth relatively phosphorus-deficient
subsoils.  Accordingly, CD is set at a relatively |ow value of .03g/m3. This
is typical of soluble phosphorus concentrations in drainage fromnostly forested

wat ersheds in the Cornbelt, from which surface runoff is generally insignifi-

cant (Onernik, 1976).
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The final phosphorus export conponent is that which | eaches from surface
crop residues during snownelt periods. This conponent is soluble and is
consi dered separately because the phosphorus concentrations in snowrelt runoff
may not equilibrate with frozen surface soils. The freezing, thawi ng, and
| eaching cycle which culnminates during initial snowrelt may rel ease substan-
tial quantities of dissolved phosphorus fromresidues left on the soil surface
after fall harvest. In studies of runoff from natural rainfall erosion plots,
Ti mons et al (1968) found that nore water-sol ubl e phosphorus was lost in
snownel t runoff fromseedling alfalfa than from other periods or cropping
sequences studied (continuous corn, rotation corn, and rotation oats).
Laboratory studies (Tinmmons et al, 1970) revealed that one freezing/thaw ng/

| eaching cycle could release 9, 28, 6 and 5% of the total phosphorus in

residues fromalfalfa, bluegrass, barley and oats, respectively. Three
consecutive cycles rel eased 36, 64, 13 and 16% of the phosphorus in these
resi dues, respectively. Timmons, et al (1970) estinmated potential eni ssions
under field conditions based upon the |aboratory data obtained for one cycle
and showed that these ambunts could be appreciable relative to other soluble
phosphorus |osses. A nmajor uncertainly in their estinates is the extent to
whi ch snowrel t phosphorus concentrations may equilibrate with (i.e., be
adsorbed by) partially thawed surface soils or stream bank sedinments.*
Despite the relative lack of data in this area, inclusion of this com
ponent is considered inportant for evaluating the inpacts of tillage nethods

on water quality with regard to eutrophication. No-till methods tend to

) Data fromthe Black Creek Watershed (Nel son, 1977) also indicate high
sol ubl e inorganic phosphorus (SIP) concentrations in snowrelt. At one
sanpl i ng station, for instance, the average SIP concentrations in 1976 snows
melt was .19 g/m~, conpared with an annual average concentration of .05 g/m".
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| eave crop residues on the surface and thus create a greater potential for

| eaching | osses in snownelt than conventional tillage methods, which in-

corporate residues into the soil

The following function is enployed to estimate this conponent:

A

rp = RES, (1 - Fpoo) K, X‘f (26)
Wher e

LPRES = i npoundment phosphorus |oading attributed to |eaching
from crop residues during snownrelt (gP/mz—yr)

RESP = average mass of residue phosphorus on the soil surface
after harvest (gP/mz)

Frps = fraction of residues plowed under for a given tillage
met hod

K7 = fraction of surface residue P leached in snowrelt (year)“l.

A nonmi nal value of 0.01 has been tentatively assumed for K- This val ue
is low, relative to the range assuned by Timons, et al (1970), .05 to
.28. A lower value is probably nore appropriate, considering the possi-
bility of partial adsorption by surface soils and river bank sedinents.
The nominal val ue has been assumed nerely to denonstrate the potentia

i mportance of this conponent of the avail abl e phosphorus | osses from
agricultural operations. This, in turn, indicates a need for additiona

data in order to pernit a nmore quantitative definition of this conponent.

The total phosphorus |oading is evaluated as the sum of the sedinent,

soluble, and snowrelt residue conponents:
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T SED SOL RES

wher e

LP

avai | abl e phosphorus | oad transported to the downstream

i npoundment (g/m?-year) .

This value is used to evaluate the water quality response in the inpound-

ment with regard to transparency and chl orophyl | -a.

Sol ubl e Nitrogen

Because nitrogen is generally nore nmobile in soil systems than
phosphorus, estinmates of average sol uble nitrogen export from agricul -
tural areas are based upon mass bal ances, rather than upon conputed soi
erosion rates and adsorption chemistry. Qher investigators (Onishi, et al,
1974; Tanji, et al, 1977, Harmeson, et al, 1971) have enployed simlar
nodel s for the purpose of obtaining rough estimates of potential nitrogen
em ssions. A nitrogen nass bal ance is assunmed here to consist of four

input and three output conponents:

Noy + Nog + Np + N, = N+ N+ N (28)
wher e

&FX = fixation rate (gi/m?-year)

&FE =fertilization rate (gN/mz-year)

ﬁR = rainfall nitrogen input rate (gN/mz—year)
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N, =soil mineralization rate (gN/m?-year)

ﬁY = crop yield (gN/m%-year)
ﬁD = denitrification rate (gN/m?-year)
ﬁL = total runoff and drainage |osses (gN/mz-year)

The fixation component, N__, accounts for nitrogen fixation by Iegum nous

FX
crops and is estinmated fromthe yield and nitrogen content of such crops
accounting for extra nitrogen fixed and contributed to the soil in the

forns of residues and root exudates. The fertilization conponent, NFE
is based upon the assunmed fertilization rate. The regional rainfal

component for northern Indiana is estimated at .3 gN/m%-year (MR, 1976).
M neralization accounts for the breakdown of soil organic nitrogen com

pounds and the resultant net release of inorganic nitrogen forms. This

is perhaps the nost difficult of the input terms in the equation to

evaluate. Onishi, et al (1974), have equated this conponent to the
nitrogen content of the crop yield obtained when no fertilizer is
applied. A generalized nitrogen response curve for corn presented by
Lucas, et al (1977), indicates that yields without fertilization are
about 45 percent of the yields obtained under optimal fertilization
The ﬁM termis assuned to equal the nitrogen equivalent of this corn

yield, less the precipitation input.

On the other side of equation (28), the yield conponent, N, is
estimated fromcrop yield and assumed nitrogen content. It includes
only the harvested product (not the residues, which are assunmed to be

returned to the soil). The denitrification conponent, ﬁD, is estinated
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as a fraction of the calculated net nitrogen input rate:

= L] + - + . + . _ 2 9
ND (NFX NFE NR NM NY) FD (29)

wher e

T
1

fraction of excess nitrogen which is denitrified

Fy is specified for each soil type; poorly drained soils have higher

val ues due to | ower oxygen levels and | ower |eaching rates. The fina

conponent, N, accounts for soluble nitrogen |osses and is evaluated by

di fference

N = +N__ +N_+N -N_- N (30)

No distinctions are nmade between nitrogen |osses in surface runoff and
subsurface drainage. Because of difficulties involved in estimating the
denitrified fraction, estimates of nitrogen |osses obtained in this way
are probably better for relative conmparisons of practices (e.g., percen-

tage differences) than as absolute |evels.

Nitrogen is assuned to be transported conservatively to the down-

stream inpoundrment at the following rate

A
. W
L =N -—
N L B
wher e
L., = inpoundnent nitrogen |oading (gN/mZ-year)
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This schene ignores particulate nitrogen |osses attributed to soi
erosion. Sommers, et al (1975), neasured total and exchangeable nitro-
gen in sedinent fromrainulator plots in the Black Creek Watershed. On
the average, only 1.2 percent and 5 percent of the total particulate
nitrogen was present as exchangeable ammniumin runoff fromunferti-
lized and fertilized plots, respectively. Due to sedinentation and to
the relative stability of particulate organic nitrogen conpounds, sedi-
nment nitrogen would not be expected to represent an inportant source of
avai |l abl e nitrogen (ammonium or nitrate) in downstream ecosystens, par-
ticularly when conpared with soluble nitrogen sources cal cul ated accord-

ing to the above schene.

Di ssol ved Col or

Estinates of dissolved color losses are required to provide partia
bases for estimating transparency and chlorophyll-a levels in downstream
i mpoundnents. O the conponents nodeled in the watershed/i mpoundnent
system color is based upon the |east amunt of data and/or established
principles. The framework discussed below is quite theoretical and
shoul d be considered tentative until data are located for calibration

and testing

The presence of color in natural waters has often been attributed
to humic acids of soil origin (Wtzel, 1975). Estimtes of dissolved
color in runoff are made here based upon conputed sedi ment organic
matter content and assuming a |inear adsorption isotherm between the

solid, organic matter phase and the dissolved col or phase. Foll ow ng
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the devel opment for phosphorus, the average surface soil organic matter
content is conmputed fromthe baseline organic matter contents of the

various soil size fractions:

o S o S o S [e]
= +
CL CL SI ST * SA SA (3®

wher e

o° = basel i ne organic matter content of surface soil (g/kg)

o ] o _ . . .
Ocr,r Ogrv OSA = baseline organic matter contents of clay, silt,
and sand fractions (g/kg)

Fol | owi ng equation (16), the increase in surface organic matter content

due to tillage depth and crop residue addition is estimated from

po = —2— (31)
ZTpS*\S

wher e

Ao = change in surface soil organic matter content (g/kg)

RESO = residue organic matter returned to soil surface (g/m*-year)

Zn = tillage depth (m
— ; ; — 14, 3
ps = soil density = 1300 kg/m
K8 = an enpirical parameter (year)~!

Inclusion of this termpernits consideration of the enriching effects
of mininmumtillage methods on surface soil organic matter levels. A
K_ value of .5 year~! has been assumed. For continuous corn, this gives

8
conputed increases in-o° ranging from 64 percent to 275 percent when
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mnimumtillage is used rather than conventional tillage in the various
Black Creek soils. Residue organic matter and residue phosphorus are

assunmed to be related by:

RES = 500 RES, (32)

This assumes that crop residues are .2 percent phosphorus, a typica

val ue for corn (USEPA/ USDA, 1975).

Assunming that the organic matter content of each size fraction is
increased proportionately, the average organic matter content of eroded

sedinment is estimted as:

E E O, E o o o Ao
= X + X + —
© (XCL OCL SI OSI SA OSA) (1 OO) (33)

wher e

o° = average organic matter content of eroded sedinent (g/kg).

In order to estimate the concentration of dissolved color in surface

runoff, a linear adsorption isothermis assuned:

E
0
co_ = — (34)
R Yo
wher e
coR = dissolved color in surface runoff (m™?%);

Yo = organic matter/color distribution coefficient (g/kg) /m~ L.

Di ssol ved color is expressed here in units of the visible Iight extinc-

tion coefficient, meters™!. Based upon the relationships discussed in
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! is approximtely equivalent to 200 units

t he i npoundnent section, 1m~
of Platinum Cobalt color. |Independent data for estimating the distri-
bution coefficient, y_, have not been |ocated. For an assunmed y_ val ue

of 10 (g/kg)/m~*

and typical field/ watershed/inpoundnent characteristics,
conput ed val ues of co, are within the apparent range of observed col or
val ues for inpoundnents (see Figure G5, Methods for Predicting

| npoundment Water Quality). Wile this assumed value nmay be satisfac-
tory for a prelinmnary analysis, nore data are needed to test the

assuned functional forms and paraneter estinates for conputing dissolved

col or |evels.

The average col or concentration entering the downstream i npound-

ment is conputed from

Cie = 9 COR/q (35)
wher e
cic = average dissolved color level in waters entering the

i npoundnent (m™?!).

Thi s assumes that the color content of subsurface drainage is negligible,
because it is in equilibriumwth |ower soil horizons which are rela-

tively deficient in organic mtter.

Calibration of Mddels for Practice Eval uations

The nmodel s descri bed above have been calibrated for use on three

soil/field types characteristic of the Black Creek Watershed, Indiana.
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Table B-3 summarizes the soil-specific parameter estimates and their
sources, nost of which are self-explanatory. The q; estimates for the
various soil types are based upon the simulations perforned by Wol hiser
(1976, 1977), as discussed previously. Literature values of Fo, t he
fraction of excess nitrogen which is denitrified, range from .25 (Onishi
et al, 1974) to .80 (Huber, et al, 1977). Better drained soils would be
expected to have lower denitrification rates due to increased |eaching

and increased soil aeration. FD val ues of .5, .6, and .7 have been

assuned for the ridge, upland, and |ow and soils, respectively.

The nodel s have also been calibrated for evaluation of eleven nodes
of farm operation on each of the three soil types. Paraneter values are
summarized in Tables B-4, B-5, and B-6. Each node of farm operation
is defined by a rotation, tillage nethod, and terracing scheme. Parane-

ter values represent the averages over the various crop rotations.

Instead of adjusting L (length of slope), P (practice factor) is
used to adjust the gross erosion rate when a terracing systemis
enployed. Installation of one terrace per field in practices 9 to 11
effectively reduces the length of slope by 1/2 and the gross erosion

rate by a factor of 1/v2.

Estimates of cropping factors have been obtained froma generalized
table in Volune | of US. EPA/USDA (1975). According to Wschneier and
Smth (1972), these values should be calculated for the Black Creek
regi on using the seasonal distributions of soil cover and rainfal

erosivity appropriate for the individual practices and for that region
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PARAMETER

Origin

Name

Texture

Hydroéogic Soil Group

xCL

XS
SI

S

Table B

-3

FIELD/SOIL PARAMETER VALUES

UPLAND

SOIIL. TYPE
EQUATION  LOWLAND RIDGE

- lake plain beach

- Hoytville Haskins

- siltyclay  loam

- D B

(3) .43 .13

(6) .42 .44

(4) .15 .43

(1) .28 .37

(2) 300. 300.

(2) .5 2.
(16) .166 .155
(16) .102 .036
(1e6) .049 .029
(14) .178 .064
(24) 1.0 1.0
(29) .7 .5
(23 .03 .03
(30) 89.3 88.1
(30) 35.9 14.2
(30) 8.48 3.32

glacial till
Morley
clayloam

C
.33
.44

.23

.43
300.
5.

.016
.011
.011
.127

.50

REFERENCE

a,b

a,b

a,b
d

a — Table 7.11, Sommers et al (1975) d -

b - Table 7.18, Sommers et al (1975) e -

¢ - Assuming Organic matter/total £ -
nitrogen = 20, MRI, (1976)

g -
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Table B-4

Practice Parameter Values for Lowland Soil

Parameter P C Zrp ,FP Fprs RESp f£fg
Equation (1) (1) (17) (17) (26) (26) (14)
Practice®
1 cCc-Ccv 1.00 .42 .18 1.96 1.0 1.57 0
2 CC-CH 1.00 .19 .09 1.96 0.5 1.57 0
3 CC-NT 1.00 .11 .025 1.96 0.0 1.25 0
4 CB-CV 1.00 .43 .18 1.22 1.0 1.02 0
5 CB-CH 1.00 .24 .09 1.22 0.5 1.00 0
6 CB-NT 1.00 .18 .025 1.22 0.0 .90 0
7 CBWM 1.00 .068 .0 1.10 0.14 .65 .20
8 CBWM-NT  1.00 .043 .025 1.10 0.0 .63 .20
9 cc~-Ccv-T  0.71 .42 .18 1.96 1.0 1.66 0
10 CC-CH-T 0.71 .19 .09 1.96 0.5 1.66 0
11 CB-NT-T 0.71 .18 .025 1.22 0.0 .96 0
* cc = Continuous Corn
CB = (Corn/Bean Rotation
CBWM = Corn/Bean/Wheat/Meadow Rotation
cv = Conventional Tillage, £3ll plow
CH = Chisel Plow
NT = No-Till
T = Terraced

206



Table B-5

Practice Parameter Values for Ridge Soil

F

Parameter P C ZT p FRES P R
Equation 1 W an  an @6 (28) (14
Practice
1 ce-cv 1.0 .42 .18 1.96 1.0 1.57 0.
2 cc-cH 1.0 .19 .09 1.96 0.5 1.57 .35
3 CC-NT 1.0 .11 .025  1.96 0.0 1.57 .70
4 CB-CV 1.0 .43 .18 1.22 1.0 1.02  oO.
5 CB-CH 1.0 .24 .09 1.22 0.5 1.02 .35
6 CB-NT 1.0 .18 .025  1.22 0.0 1.01 .70
7 CBWM 1.0 .068 .04 1.10 .14 .66 .65
8 CBWM-NT 1.0 .043  .025 1.10 0.0 .66 .80
9 cc-cv-T .71 .42 .18 1.96 1.0 1.66  O.
10 CC-CH-T .71 .19 .09 1.96 0.5 1.66 .35
11 CB-NT-T .71 .18 .025  1.22 0.0 1.07 .70

For the purposes of this project, however, regionalization would have

little influence on the relative or absolute evaluations of the prac-

tices considered.

ZT values of .18, .09, and .025 m have been assumed for conven-

tional (moldboard) plowing, chisel plowing, and no-till systems,

respectively. While chisel plows may penetrate soils to the same

depths as moldboard plows, the fact that they incorporate roughly one

half of the surface crop residues suggests that they cover one half of
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TABLE B-6

Practice Parameter Values for Upland Soil

Parameter P C Zm Fp Frrs RESp N
Equation (L) (1) (17) (17) (26) (26) (14)
Practice
1 cCc-Cv 1.00 .42 .18 2.15 1.0 1.28 0.
2 CC-CH 1.00 .19 .09 2.15 0.5 1.28 .17
3 CC-NT 1.00 11 .025 2.15 0.0 1.21 .35
4 CB-CV 1.00 .43 .18 1.34 1.0 .81 0.
5 CB-CH 1.00 .24 .09 1.34 0.5 .81 .17
6 CB-NT 1.00 .18 .025 1.34 0.0 .80 .35
7 CBWM 1.00 .068 .040 1.21 .16 .55 .40
8 CBWM~NT 1.00 .043 .025 1.21 0. .55 .43
9 cC-Cv-T .71 .42 .18 2.15 1.0 1.35 0.
10 CC-CH-T .71 .19 .09 2.15 .5 1.35 .17
11 CB-NT-T .71 .18 .025 1.34 0.0 .85 .35

the surface area. Accordingly, an effective ZT value of .09 m

is assumed for chisel plowing. For minimum tillage, & value of .025 m

or 1 inch is assumed to represent the effects of natural mixing processes
in the soil (e.g., diffusion, earthworms, Wind). Practice 7 consists of
a corn-bean-wheat-meadow rotation, with minimum tillage, except for the
fall preceding corn, in which conventional tillage is used. The average
7 value for ?his rotation has been selected so that FP/ZT is equal to

T

the average ratio over the four-year rotation (see equation (17)).
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The phosphorus in crop residues, RESP, is estimated fromthe
assuned crop yields and residue phosphorus equivalents presented in
Tabl e B-7. Conventional,chisel, and no-till systens are assuned to
incorporate 100 percent, 50 percent, and O percent of crop residues
into the soil after harvest, respectively. The val ues of FRES for
Practices 7 and 8 have been selected so that conputed val ues of RES

(1 - FRES) are equal to the respective averages of these products over

the four-year rotations (see equation (26)).

The runoff reduction factors, fR, are estimated for each soil type

and practice using the nethodol ogy described previously (see Surface

Runoff and Percolation). Soil types are inportant in determning the

response of runoff rate to tillage nethods. In soils subject to conpac-
tion or with low internal perneability (e.g., lowand), mnimumtillage
nmet hods may not influence or actually cause increases in runoff rates
(Mannering, 1977). In well-drained soils (e.g., ridge) however, sub-
stantial runoff reduction can be expected when mininmumtillage nethods
are enployed. The gé values in Tables B-4, B-5 and B-6 have been esti-
mated assuning that the ridge, upland, and |ow and soils respond well,

noderately and not at all, respectively, to reduced tillage.

The nitrogen budgets for all soil groups and practices are sunmma-
rized in Tables B-8, B-9, and B-10. The terns correspond to those in
equation (28). Nitrogen equivalents of crop yields have been estinated
using the coefficients in Table B-7. Using the nethods described pre-

viously (see Soluble Ntrogen), the mineralization termis estimted at

4.2 gN/m®~year. For a typical soil organic nitrogen content of 120 g/kg
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and a plow depth of seven inches, this mineralization rate corresponds
to a decay rate of about 1.5 percent per year, within the range of
reported values for soil hunus, 1 to 4 percent per year (Buckman and Brady,
1960). This rate is assumed to be constant for all row crops and soi
types evaluated. In rotations, it is assuned to be zero during meadow
years. The final colums in Tables B-8 through B-10 represent the net
nitrogen inputs, which are used, along with Fy values, to estimte

soluble nitrogen | osses in surface runoff and drainage.

Sone evi dence of "ground truth" can be devel oped by conparing the
conputed unit emnission rates of various conponents with those neasured
in streans draining the Black Creek Watershed. Two automated stations

equi pped for storm event sanpling have been numintained on the watershed

by Purdue University since 1975. The characteristics of the drainage

Table B-7

Assuned Crop Paraneters for Nitrogen Budget

and Resi due Computationsb

Fact or Cor n Bean Wheat Hay ™
Lbs. Yield P/bushel yield -16 .36 .28 4.5
Lbs. Yield N bushel yield .90 3.56 1.30 40.0
Tons residue/ bushel vyield . 030 . 022 . 030 .18
Lbs. residue P/bushel yield 11 . 089 . 040 .80

a Hay yield units in tons instead of bushels.

b USEPA/ USDA Vol ume 1 (1975).
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Table 2-3

Nitrogen Budgets for Lowland Soil

Term {(Equation (28)), (gN(m2~year)

Practice Npy  t N oo+ Npoow N, - N = N
1 cc-cv 0.0 17.60 .30 4.20 12.87 9.23
2 ce-cH 0.0 17.60 .30 4.20 12.87 9.23
3 CC-NT 0.0 19.36 .30 4.20 10.30 13.56
4 CB-CV 8.38 8.25 .30 4.20 14.60 6.53
5 CB-CH 7.60 8.25 .30 4.20 13.82 6.53
6 CB-NT 6.82 9.08 .30 4.20 12.35 8.05
7 CBWM 8.91 4.68 .30 3.15 12.68 4.66
8 CBWM-NT  8.91 4.98 .30 3.15 12.51 4.83
9 cc-cv-T 0.0 17.60 .30 4.20 13.56 8.54

10 CC-CH-T 0.0 17.60 .30 4.20 13.56 8.54
11 CB-NT-T  7.21 9.08 .30 4.20 13.09 7.70

.

= Nitrogen fixation rate (gN/mz—yr)

FX
: . A . 2
= = Nitrogen fertilization rate (gN/m -yr)
. . . . s . 2
NR = Nitrogen input in precipitation (gN/m -yr)
ﬁM = ©Nitrogen input due to mjineralization
of soil organic N (gN/m -yr)
“ . . . 2
NY = Nitrogen removal in crop yield (gN/m -yr)
ﬁD+ﬁL‘ = Net nitrogen excess = denitrification rate <+

loss rate (gN/m2-yr)
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areas above these stations are presented and compared with the charac-—

teristics of the entire watershed in Table B-11l.

Nelson (1977) has pro-

vided preliminary data on the average flux rates of various components

at each station over each of two sampling years, 1975 and 1976.

each station, year, and component, the contribution of septic tank

effluent estimated by Nelson has been subtracted from the reported total

flux.
Table B-9
Nitrogen Budget for Ridge Soil
Term (Equation (28)), (gN/mz-year)

Practice ﬁFX &FE + ﬁR ﬁM ﬁY &D ﬁL
1 cc-cv 0.0 17.60 .30 4.20 12.87 9.23
2 cC-CH 0.0 17.60 .30 4.20 12.87 9.23
3 CC-NT 0.0 19.36 .30 4.20 12.87 10.99
4 CB~CV 8.38 8.25 .30 4.20 14.60 6.53
5 CB-CH 8.38 8.25 .30 4.20 14.60 6.53
6 CB-NT 7.99 9.08 .30 4.20 14.20 7.37
7 CBWM 9.49 4.68 .30 3.15 13.27 4.35
8 CBWM-NT S.49 4.98 .30 3.15 13.27 4.35
9 CC-CV-T 0.0 17.60 .30 4.20 13.56 8.54

10 CC-CH-T 0.0 17.60 .30 4.20 13.56 8.54
11 CB-NT-T 8.38 9.08 .30 4.20 14.94 7.02
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The ranges of observed fluxes are compared with the ranges of esti-
mated unit emission rates for various soil types and practices in Table
B-12. The soil types include lowland (lake plain), ridge (beach), and
upland (glacial till), while the practices include a corn-bean rotation
with conventional tillage (Practice 4 in Table B-4) and a corn-bean-wheat-
meadow rotation with minimum tillage, except for the year preceding corn
(Practice 7 in Table B-4). The former is the dominant form of row crop-

ping in the watershed. The two practices generally reflect the upper

Table B-10

Nitrogen Budgets for Upland Soil

Term (Egquation {(28)), (gN/mz—year)

Practice ﬁFX ﬁFE ﬁR ﬁM ﬁY ﬁD+ﬁL.
1 CC-Ccv 0.0 13.75 .30 4.20 10.40 7.85
2 CC-CH 0.0 13.75 .30 4.20 10.40 7.85
3 CC-NT 0.0 15.13 .30 4.20 ©.88 9.75
4 CB-CV 6.42 6.33 .30 4.20 11.33 5.92
5 CB-CH 6.42 6.33 .30 4.20 11.33 5.92
6 CB-NT 5.84 6.96 .30 4.20 10.75 6.55
7 CBWM 7.87 3.72 .30 3.15 10.97 4.07
8 CBWM-NT 7.87 3.92 .30 3.15 10.97 4.27
9 CC-Ccv-T 0.0 13.75 .30 4.20 11.09 7.16

10 CC-CH~-T 0.0 13.75 .30 4.20 11.09 7.16

11 CC-NT-T 6.23 6.96 .30 4.20 11.48 6.21
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Table B-11
Characteristics of Drainage Areas Above Sanpling Stations in

the Black Creek Watershed (Nel son, 1977)

Locati on
Site 2 Site 6 Entire Watershed
Area (hectares) 942 714 4950

Soi |l Types

Lake Pl ain and Beach

(Lowl and and Ri dge) 71% 26% 64%

Gacial Till (Upland) 29% 74% 36%
Land Use

Row Crop 63% 40% 58%

Smal|l Grain and Pasture 26% 44% 31%

woods 8% 4% 6%

Ur ban 3% 12% 5%

and lower limts, respectively, of the conputed flux rates for the

various practices evaluated on each soil type.

As shown in Table B-12, year-to-year differences in the observed
fluxes are large. It would be inpossible to obtain reliable estinates
of the long-term average fluxes of these conponents based only upon data
fromtw years of sanpling. Because of this variability and because of
the distributions of land use, field characteristics, and cropping
practices in the watersheds, direct quantitative conparisons of the
observed and conputed fluxes are not feasible. The ranges of observed
fluxes in Table B-12 correspond at |east sem-quantitatively to the
ranges of calculated unit emissions rates for various soil types and

practices.
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TABLE B-12. COVPARISONS OF CBSERVED AND ESTIMATED FLUXES COF VARIQUS COVPONENTS FROM THE BLACK CREEK WATERSHED

STcC

Observed® Estimatedf
ggz\ﬁzrs\ent site 2% site 6 Range Lowland Ridge Upland Range
{kxg/ha-yr) 1975 1976 1975 1976 | Min. Max.] CB-CV CBWM CB-CV CBWM CB-CV CBWM | Min. Max.
Delivered
Sediment 2126 636 3725 353 353 3725| 1104 188 2459 458 7553 1301 | 188 7553 |
Soluble
Phosphorus .20 .05 .32 .07 .05 .32 | .27 .32 .10 .15 .08 .14 .08 .32
Available a b b
Sediment .35 .06 .19 .02 .02 .35 | .16 .03 .21 .06 .13 .04 .03 .21
Phosphorus
Total a a b b
Phosphorus .55 .11 .51 .09 .09 .55 | .43 .35 .31 .21 .21 .18 .18 .43
Soluble .
Nitrogen 21.0 6.1 15.2 2.8 2.8° 21.0] 19.6 14.0 32.8 21.7  23.7 16.2 | 14.0 32.8
Total Flow | ( 29%) (.12) (.26) (.10) |(.10) (.29) | .25 .25 .25 .25 .25 .25 | .25 .25
(m/yr)
Surface
Runoff - - - - - - .18 .14 .06 .02 .13 .07 .07 .18
(m/yr)
a Assuming available sediment P/Total Sediment P = .069 ratio for average soil type in subwatershed
b Assuming available sediment P/Total Sediment P = .044 ratio for average soil type in subwatershed
C Septic tank contributions estimated by Nelson (1977) have been subtracted from the total neasured |oadings.
d For site characteristics, see Table 11.
e Total flow neasurenents may not reflect all of groundwater contributions _ _ o
f CB-Cv corn-bean rotation with conventional tillage; CBWM = corn-bean-wheat-neadow rotation wth mninmum

tillage except

year

preceedi ng corn.



The range of conputed sol uble nitrogen export (14 - 32.8 kg/ha-yr)
appears to be sonewhat high, conpared with the observed range (2.8 to 21
kg/ha-yr). The extent to which all of the groundwater contributions are
reflected in the reported nmeasurenents is unclear however, since sone
of the groundwater contributions may energe further downstreamin Bl ack
Creek or in the Maumee River. Since groundwater is an inportant trans-
port medium for nitrate, the observed nitrogen export values may be
biased on the low side. Alternatively, the assuned denitrification

rates could be under-estimted, or soil nitrogen mineralization rates,

over - esti mat ed.

While the conparisons in Table B-12 do not "verify" the nethodol ogy

or calibration, they suggest, mninally, that the estinmates are not off

by nore than an order of magnitude.
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Appendi x C
Met hods for Predicting | npoundment Water Quality

| ntroduction

The nodel s described bel ow have been devel oped for use in assessing
the inmpacts of agricultural practices on inpoundnment water quality. They
are of an enpirical nature and are designed to predict steady-state con-
ditions in inpoundments with regard to the following water quality com
ponent s:

(1) sediment concentrations and trapping rates;

(2) total phosphorus concentrations and trapping rates;

(3) total nitrogen concentrations and trapping rates;

(4 nean summer, Secchi Disc transparencies; and

(5) nmean summer, epilimetic chlorophyll-a concentrations.

Model s are formul ated for each of the above conponents based upon theo-
retical considerations and the results of previous nodeling efforts.

Wien possible, calibration is achieved through a formal paranmeter esti-
mation exercise, using an appropriate data base. Mdels are "verified"
based upon anal yses of residuals, tests for paraneter stability and/or
use of an independent data base. In other cases, parameter estimates

are derived from neasurenents or experiments described in the literature
and are therefore nore subjective. In applying these models, sensitivity

anal yses will help to identify which of the paraneter estimates require

more detailed study and eval uation.



The nethods can be used to assess the sensitivities of the above
wat er quality conponents to annual average input rates, or |oadings,
of the follow ng substances:

(1) water;

(2) sedinment (sand, silt, and clay);

(3) phosphorus (total soluble and extractable particul ate);

(4) nitrogen; and

(5) color (dissolved).
Addi tional independent variables of inportance include

(6) nean depth; and

(7) inpoundnent type (reservoir vs. natural |ake).
A variety of other norphonetric, hydrologic, and regional factors have
al so been eval uated as possibl e independent variabl es, but have been
found to be of relatively mnor inmportance, at least within the three-
state region in which the nodels have been calibrated (Chio, Indiana
and Illinois). Due to the enpirical nature of the nodels, use outside
of this region is not suggested, unless recalibration can be achieved
using an appropriate data base. Sone subnodels and paranmeter estinates
are nore theoretically based than others and may be nore transferable
to other regions. The pathways in the inpoundnent water quality analy-

sis are sumarized in Figure C 1.

Dat a Base

The primary data base used in this effort is conpiled in the attached

tables. The EPA s National Eutrophication Survey (1976) has provided
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€ > Phosphorus € > Phosphorus/
€ > Nitrogen € > Nitrogen

IMPOUNDMENT MORPHOMETRIC
AND HYDROLOGIC CHARACTERISTICS

Figure C1. Pathways in Predicting |npoundnent Water Quality



the follow ng types of information for each of fifty inpoundments in
the Ohio-Indiana-l111linois region

(1) location (state, latitude, |ongitude);

(2) hydrol ogy (average outflow rate);

(3) norphonetry (volune, surface area, drainage area, nmean depth,
maxi mum dept h);

(4) total nitrogen and total phosphorous budgets (annual input,
output, and retention rates); and

(5) trophic state indicators (nean summer chlorophyll-a and

transparency).

The National Eutrophication Survey (NES) included a total of 75

i mpoundnents in this region. The renaining 25 have been excluded from
the study for one or nore of the follow ng reasons:

(1) nutrient and/or hydrol ogic budgets were either not deternined
or acknow edged by the NES as uncertain due to inconplete
tributary and point source sanpling program designs

(2) mean depths were |ess than one neter;

(3) mean hydraulic residence tinmes were |ess than 3 days;

(4) surface overflow rates were greater than 150 niyear; and/or

(5) other, unusual factors may have influenced nutrient dynam cs;
(e.g., Lake Sangchris Illinois has not been included because
it is mxed via power plant cooling operations).

An additional data set of 20 inpoundnments has been conpiled fromthose
rejected above and from NES inpoundnents in lowa. These data, considered

of lower quality, have been used as a partial basis for verification of

the chlorophyl| nodel

Sedi nentation rate data for fifteen of these inmpoundments have al so

been obtained primarily fromthe USDA (1969). Additional sources of water
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quality data, used for calibrating the optical conponent subnodels, in-
clude the U. S. Arny Corps of Engineers (1977), Illinois State Water Sur-

vey (1977), and the Indiana State Board of Health (1976)

Sedi ment ati on

Curves devel oped enpirically by Bruyne (1953) are used to predict
the sediment trapping efficiency of an inpoundnent as a function of mean
hydraulic residence time, T (years). The latter is equivalent to Bruyne's
"Capacity to Average Annual Inflow Ratio." The trap efficiency, R, is
defined as the fraction of influent sedinent which is deposited within

the inpoundnent:

1
RS =1 - Los (1)
L,
1s
wher e
Rs = trapping efficiency (dinensionless);
Los = average sedinent outflow rate (kg/m2-yr);
L.lS = average sediment inflow rate (kq/mz—yr).

Bruyne's original "envel ope curves" characterizing the R_ VS. T relation-

ship were based upon analysis of data from 38 inpoundments. These curves

are shown in Figure G2, along with the following algebraic form which is

approxi mately equivalent:
KT

Rs=l+K‘I‘
]
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Rs

Sediment Trapping Efficiercy

wher e

T =

K =
S

This formessentially represents the trapping process as a first order

decay reaction
coefficient, K

mately equiva

an enpirical

mean hydraulic residence tine (years)

sedi ment decay rate paraneter (year)'l‘

in a conpletely mixed system

S
ent to zaKs val ue of 68 year'1

or about .20 days'l

characterized by a decay
Figure 2 shows that Bruyne's median curve is approxi-

Agr ee-

ment is reasonable for inpoundments with T values greater than .003 years.

1.0 I | I
5
B
S / /,
/ % Bruyne's Curves _
i / Upper Envelope
/ Median
4— / Lower Envelope -
7
- /Dy Rg= KsT/(1+KgT) 1
AN -
/4 /4 / = 1
2L—" 4 // Ks‘ 120 yeor_l |
' 7 Kg= 68 year
] H Ks= 50 year™'
s //f:/’/ -
@) 1 L 1 ! l 1 ]
001 .002 005 .01 .02 .05 0 .20 .50
T = Mean Hydraulic Residence Time (years)
Figure CG-2. Sedinent Trapping Efficiency Relationships
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From a theoretical point of view, a better formwould represent
sedinment trapping as a first order settling process, in which case the
decay coefficient would represent an effective settling velocity (myear),
and the independent variable would be surface overflow rate (myear).

The effects of seasonal tenperature variations, flow variations, non-

i deal settling behavior, particle size distribution, and particle size
changes due to flocculation would render it difficult, however, to select
an appropriate velocity based upon Stoke's Law. Bruyne's approach is
nore approrpiate for use in this context because it has been enmpirically

verified.

Bruyne's nodel is nodified here to account for the variation of
trap efficiency with sediment texture or particle size. Smaller parti-
cles are less efficiently trapped within an inpoundnent due to their
| ower settling velocities. This results in the clay fraction of suspen-
ded solids in inpoundnent outflows being higher than those in inpound-
ment inflows. Rausch and Hei nemann (1975) attributed much of the
observed variation in the trapping efficiency of Callahan Reservoir to

variations in the clay fraction of entering sedinent.

This effect is included by using a different decay rate paraneter
for each sedinent texture class (clay, silt, and sand). Since clay
and silt generally conprise the bulk of sedinent |oadings, decay rate
paraneters for clay (50 year 1) and silt (120 year™!) have been sel ected
to correspond with Bruyne's | ower and upper envel ope curves in Figure G2,

respectively. Essentially all influent sand woul d be expected to be

226



trapped.  Accordingly, an arbitrarily high value of 8000 year™*

has been assumed for the sand decay rate

Based upon mass bal ance consi derations, the average suspended

solids concentration in an inpoundment outflow can be estimated from

COS - ciS (l—RS) - -l_('i]—-ls(_sT_ (3)

cis - Lis/Qs (4)
wher e

QDS = outflow suspended solids concentration (kg/m3);

Cis = inflow suspended solids concentration (kg/m3);

Qs = surface overflow rate (myear).

Both the trapping rates and suspended solids concentrations are deter-

mned as the sum of the respective values for all texture classes.

Phosphorus Trappi ng and Concentrati on

Phosphorus is considered an inportant water quality variable inso-
far as it may control the growth of phytoplankton in an inpoundment.
The nodels for chlorophyl|l concentration and transparency devel oped in
subsequent sections rely upon predictions of Cop’ the average outfl ow
total phosophorus concentration. Cop estimates are devel oped from
average infl ow phosphorus concentrations and a retention nmodel. As in
the case of sediments, the retention nodel predicts the fraction of in-

fluent phosphorus which is trapped in the |ake sediments as a result of

227



various physical, chenical, and biological reactions occurring in the
wat er col um. (Dillon, 1974). A retention nodel is fornulated and

calibrated for Cornbelt inpoundnents bel ow

A previous analysis of data fromnorth central and northeastern
U S. inpoundnments (Wl ker, 1977) suggested that a nmodel of the foll ow

ing formwould be appropriate for predicting phosphorus retention co-

efficients:
_ - _°p _ 1
- R "C "I+xrT (3)
ip p
= by b2
K, =0y 0t 2 (6)
wher e,
RP = retention coefficient for total phosphorus (dinensionless)
COP = average outflow total P concentration (g/m3)
C.lp = average inflow total P concentration (g/m3)
KP = effective first order decay coefficient for total P (year)—'l
Z = nmean depth (m
oS = surface overflowrate = Z/ T (myear)

bg,by,by = enpirical paraneters.

This essentially represents phosphorus trapping as a first order decay
process in a mxed system with the decay rate allowed to vary with Q.
and Z according to equation (6). The latter dependences were included

to allow for possible effects of inconplete mixing or other factors
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related to depth and overflow rate. Best estimates of the enpirical
parameters bg, b, and by, for |akes north of 42° latitude suggested the

fol | owi ng nodel

K = .82 —/— = .82 T ° (7)

1- R = (8

Equation (8) explained 78 percent of the variance in the reported re-
tention coefficient data for 105 inpoundnents (Walker, 1977). Simlar
nodel s have been devel oped independently by Larsen and Mercier (1975)

and by Vollenweider (1976), for lakes in the sane latitude range

Figure G 3 denmonstrates that the trapping efficiencies of nost of
the inmpoundnents in the Ohio-Indiana-1llinois region are considerably
hi gher than those predicted by equation (8). Accordingly, a nore
general form of the above nodel has been tested for these inpoundments:

1 (9)
o) a. a a

2 3
1+ aO Qs VA Cip

An equivalent form of equation (9) is appropriate for a log-Ilinear

regression analysis:

P_ -2 o 1y 2, 3 (10)
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1
a, = .805 * .240
a; = .621 + .185

Al coefficients are significant at the 95 percent confidence |evel,
but equation (10) explains only 36 percent of the variance in loglO
(Rp/(l—Rp)L This is a low level of predictive ability, relative to
that denonstrated by equation (8) for northern lakes. This suggests
that other factors nay be controlling phosphorus trapping in Corn Belt
i mpoundnents and/or that these data are of poor quality relative to
those used in devel oping equation (8). The latter explanation is con-
sidered less likely, because the data bases for both nbdels have been
derived primarily fromthe NES, in which consistent sanpling program

desi gns and data handling procedures were maintained.

In order to permt an assessnment of the possible effects of sedi-
mentati on on phosphorus trapping, sedinentation rates for 15 of the
NES | akes have been obtained froma national data sunmary published
by the USDA (1969) and fromlocal studies by the Illinois State Water
Survey (1977b) and the Arny Corps of Engineers (1970). Effects of sedi-

nentation have been evaluated with a nodified form of equation (10):

R a. a a a
p =anzz 3S4 (11)
1 - R 0 ~s ip t
b
wher e, S, = sedi nentation rate (kg/mz—lake surface-year)
a = .246
(@)
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-.491 * .180

»
Il

1
a, = .280 = .328
a3 = .647 % .309

a, = 1.095 £ .302

For the fifteen inpoundnents tested, equation (11) explains 76 percent
of the variance in loglO(Rp/(l—Rp)), a marked inprovenment over the
performance of equation (10). Al of the coefficients are significantly
different from zero, with the exception of the depth exponent, a,-

The relatively narrow range of mean depths in this subsanple of |akes
(1.2-5 neters) may have been responsible, in part, for this |ack of

signi ficance.

The apparent inportance of sedinmentation rate as a factor influ-
enci ng phosphorus trapping is indicated by the size of a, relative to
the other exponents. Milticollinearity anmong the four factors tested
renders it difficult to establish the relative nagnitude of the various

coefficients with much confidence, however. The correlation matrix

of paraneter estimates is presented bel ow

%1 22 33 %
a; 1.00
a, .31 1.00
g 37 .19 1.00
a, -.76 -.51 -.34 1.00
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The sedinentation coefficient, a, is nmost significantly corre-
lated with the overflow rate exponent, a, (r =-.76). This is attri-
buted to S and O bot h bei ng dependent upon the ratio of drainage
area to surface area. The failure of Q to explain much of the reten-
tion coefficient variance in the larger data set indicates that sT
does have significant predictive capability, although the relative
magni t udes of the coefficients a; and a, are somewhat difficult to

determ ne from these data.

The measured sedimentation rates enployed in the above regression
analysis primarily reflect external |oadings of sediment fromthe
respective watersheds, as opposed to sedinent generated within the
i mpoundnents as a result of primary production and chemcal precipita-
tion. The reported ST val ues range from3 to 71 kg/mzyear. The maxi -
mum rate of net primary production for tenperate, eutrophic |akes
reported in a data summary conpiled by Wetzel (1975) corresponds to
about 1.5 kg organic matter/mz-year. Due to decay processes and re-
spiration in the food chain, a small fraction of net production is
usually sedimented. Estimates for Lawence and Mrror Lakes are on
the order of seven percent (Wetzel, 1975). Precipitation of calcium
carbonate would al so contribute to measured sedinentation rates.

Al kalinity changes, induced by photosynthetic renmoval of co,, are on
the order of .5 kg CaCOB/mZ year for eutrophic systens (Vollenweider
(1968), COsuki, et al. (1974)). Thus the reported sedinentation rates

are assunmed to result primarily fromerosion in the respective water-

sheds.
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Modi fications of the reported phosphorus retention coefficient
data have been made in order to inprove the reliability of the para-
meter estimates. The NES phosphorus |oading estimates were based upon
monthly grab sanples of lake tributaries. It is doubtful that these
estimates reflect |oadings of particulate phosphorus entering during
stormevents. In a study of the NES Non-Point Source Watersheds,
Orerni k (1976) reported that an average of 41 percent of the tota
phosphorus export from 96 agricultural watersheds (80 of which were in
the Corn Belt region) was in the ortho-phosphorus form This is in
contrast with data derived from continuous flow weighted conposite
sanpling, which typically indicate |ess than 10 percent ortho-phosphorus
(Nel son, et al., 1976). An attenpt to account for unsanpled, extract-
abl e, particul ate phosphorus | oadi ng has been nmade for each of the

fifteen | akes according to the follow ng:

L =L +LY (12)
b P s ps

L
R' =1-(1L-R) -2 (13)
P p L'

b
L =5 (1L+=—2) (14)
s t 68T

wher e

LP’LE = reported and corrected phosphorus | oadi ngs (g/mz-year)
RP,RE = reported and corrected phosphorus retention coefficients

(di mensi onl ess)
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. . . 2
esti mated external sedinent |oading (kg/m -year)

=
1

Y assuned extractabl e phosphorus content of entering

ps sediment = .08 g/kg.

Equation (14) estinates the external sedinment |oading, Ls,fron1the
reported trapping rate st, by enpl oying Bruyne's trapping curve (Fig-
ure C2). The assumed val ue of YPS i s based upon neasurenents of
extract abl e phosphorus contents of sedinment measured in Black Creek

rai nul ator studies (Sommers, et al., 1973) and in four Mssouri Valley
agricultural watersheds (Schumann, et al, 1973). This effort to correct
t he phosphorus | oadings and retention coefficients reported by the NES
is admittedly approximate, but is considered preferable to using the
reported values directly. The reported and corrected | oadings and reten-
tion coefficients are listed in attached tables. Using the corrected
retention coefficient data, the parameters of equation (11) have been

re-estimated:

.419

ag

-.757 & .127

aj
ap = .236 % .222

az = .077 £ .207

ay = 1.175 * .205

Since a3z, the exponent for Cip' is not significantly different from zero

it has been excluded and the remaining paraneters, re-estinated:

ag = .377
a; = -.779 * .109
ap = .222 % .211
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1l

as 0

ay = 1.201 = .186
Wth these paraneter values, equation (11) explains 86 percent of the
variance in the "corrected" IoglO(Rp/(l—RP)) val ues and 77 percent of
the variance in RP' with a standard error of .09. Despite its |ow
significance level, the depth coefficient (a2) has been allowed to remain

because this lack of significance may be attributed to the relatively

narrow range of nean depths in the data base (1.2-5.0 neters).

The apparent inportance of sedinmentation rate as a factor influ-
enci ng phosphorus retention is partially supported by theory and
i ndependent experinmental evidence. The adsorption of phosphorus by
soils and sedinments has been studied extensively and is considered to
involve prinmarily the adsorption of iron and al um num phosphate conpounds
to clay particle surfaces (Syers, et al, 1972). Kunishi, et al, (1972)
have observed this adsorption process to be partially irreversible.
Under the anaerobic conditions typical of |ake bottom sedinments, iron
phosphat e conpounds are nuch nore sol uble and equilibriummy favor the
rel ease of phosphorus into the water colum. The rate of release may
be severely linmted, however, by kinetics (e.g., diffusion rates).
Apatite fornulation in cal careous sedinents represents a permanent
phosphorus sink (Stunm and Leckie, 1970). The enpirical evidence pre-
sented above suggests that external sedinent |oadings do contribute to
net phosphorus trapping efficiency. Thus, release of dissolved phos-
phorus fromthese | ake bottons may be small relative to adsorption/

sedinmentation rates despite the fact that dissolved oxygen concentra-

236



tions less than 1 g/m3 were detected by the NES in the bottom waters

of seven out of the fifteen inpoundments. An inportant inplication

is that particul ate phosphorus | oadings nmay have little effect on aver-
age epilimetic or outflow phosphorus concentrations in these types of

i mpoundnent s. In fact, reductions in soil erosion could conceivably
result in reductions in phosphorus trapping efficiencies and subse-

quent increases in average epilimetic phosphorus |evels. These relation-
ships may not hold true for inpoundnents with greater nean depths, which
woul d have nore pronounced stratification and greater potential for

phosphorus recycling through anaerobic bottom waters.

Additional theoretical interpretations of these results are
possible with reference to the “settling velocity" nodel proposed by
Vol | enwei der (1969) and Chapra and Tarapchak (1976) to predict phos-

phorus retention coefficients:

= (15)

wher e

Up = effective settling velocity for total phosphorus (nmyr).
Vol | enwei der (1969) showed that a UP val ue of approximtely 10 m yr
was appropriate for a sanple of northern tenperate |akes. Conparing
this formulation with equation (11) and the last set of regression
coefficients shows that the settling velocity for these 15 Corn Belt

i mpoundnents can be estinmated from
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P s 1-R

. . 1.201
231Z 222St 0

R

.377 9 (17)

The relative magnitudes of the exponents suggest a dominant influence

of St, the sedinentation rate

Wi | e nmeasured sedinmentation rates were available for only 15 of
the 50 inpoundnents included in this study, further indirect evidence
can be presented for the effect of S, on phosphorus settling velocity.
One woul d expect |akes with |arge percentages of their drainage areas
i mpounded upstream to have relatively |ow sedinmentation rates, because
of sediment trapping upstream This, in turn, should result in |ower
phosphorus settling velocities, according to equation (17). Five such
| akes could be identified within the original set of fifty. Table C1
compares the measured phosphorus settling velocities (equation (18)) of
these lakes with velocities neasured in the |akes immediately upstream
These data indicate a consistent decreasing trend in phosphorus set-
tling velocity noving downstream in each watershed. For exanple
Wtmer flows into Westler, and Wstler, in turn, into Dallas. The UP
values for these |akes are 16.0, 10.2, and 2.0 nfyear, respectively.

In addition, James Lake, the only lake in the data set with a reportedly
negative phosphorus retention coefficient, has a watershed, 87 percent
of which is inpounded upstream Wile alternative explanations are
possible, these data are at |east consistent with the theory that sedi-
mentation rates partially control phosphorus trapping in these inpound-

nments.
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Equation (16) is considered rather tenuous for use as a predictive
tool, because of its relatively small data base, parameter collinearity
and rather enpirical form In applying the nodel to evaluate the water

: . . . o 2
quality impacts of agricultural practices, a mnimmvalue of 3 kg/m -year

is assunmed for Sy» since the relationship between phosphorous settling
velocity and sedinmentation rate has not been exanined bel ow this

S¢ val ue. Conpi | ati on of additional data fromother areas of the
country and testing sone nore theoretically formul ated nmodel s woul d be

worthwhile in the interest of further defining the relationships anong

Table CG1

Phosphorus Settling Velocities in Lakes and
Reservoirs with Partially |npounded Watersheds

Lake or NES Percent of Water- Uy

Reservoir* Nunmber shed | npounded (myr)
W t mer 349 0 16. 01
Vst | er 346 96 10. 19
Dal | as 326 96 1.98
Webst er 345 0 16. 15
Janes Lake 330 87 - 1.09
din 338 0 40.01
aiver 339 55 6. 75
Shel byvill e 315 0 26. 96
Carlyle 297 39 9.59

G ouped noving downstreamin each watershed (e.g. Wtner flows into

Westler and, in turn, into Dallas)
R

g =0 l—p— = effective phosphorus settling velocity.

P s -Rp
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phosphorus retention, sedinmentation rate, hydrology, and inpoundnent

mor phonet ry

Aver age out fl ow phosphorous concentrations are estimted fromthe
average inflow concentrations and estimated retention coefficients

according to the follow ng:

Il

C. 1-R
Cop = Cjp (IR) (18)

wher e

c

op average outflow total phosphorus concentration (g/M3).

The outflow concentration is a good indicator of typical |ake con-
centrations. A regression analysis of data fromthe 23 natural |akes

in the data set suggests the followi ng relationship:

.935 ¢ =062 (19)
op

|

c
mp
{R = .921, SEE = .136}*

A simlar analysis of data from 27 reservoirs yields the follow ng:

_ .887
Cmp = .605 Cop (20)

{R® = .702, SEE = .139}*

*

Coefficient of determnation and standard error of estinmmte,
respectively, referring to loglo(cmp).
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wher e

cmp = spatial and tenporal nedian, summer total phosphorus concen-
tration in the inpoundnent (g/ms).
Note that the slope of the relationship is less for reservoirs as com
pared with natural lakes. This could be due to differences in hydro-

dynamics, particularly effects of bottomwater wthdrawals from sone

reservoirs

Ni trogen Trappi ng and Concentration

Nitrogen is considered an inportant water quality variable for
two prinmary reasons. High nitrate levels are of concern with regard to
drinking water quality, because of the possible toxicity. Secondly,
supplies of fixed nitrogen are also required to support nost types of
algal growth. The devel opnent of a predictive mpdel for nitrogen concen-

tration is anal agous to that described above in the case of phosphorus.

The i nmpoundnents sanpled by the NES in the region appear to be
significantly less efficient in trapping nitrogen than in trapping

phosphorus, as indicated by the follow ng regression equations:

R, = -.032 + .618 R_ {r? = .40, SEE = .17} (21)

506 {R? = .25, SEE = .51}* (22)

a
It

.945 U’
b

1og10 statistics
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One explanation for this behavior is that nitrogen is supplied to these

i mpoundments well in excess of phosphorus, relative to biological require-
ments. The ratio of geonetric mean nitrogen to phosphorus |oadings is

24, about three times that typical of algal bionmass. Liniting nutrient

bi oassay studi es conducted by the NES also indicate that the algae in

most of these inpoundnents are phosphorus, as opposed to nitrogen-limted,

given sufficient I|ight.

Fi xation of nitrogen by blue-green algae night also be responsible,
in part, for relatively low nitrogen retention efficiency. This phenonenon
is probably not very inportant in the context of the total nitrogen budgets,
however, since reported direct measurenments of N, fixation in aquatic sys-
tens range fromO to .4 gN/m2 - year (Wetzel, 1975), whereas reported
external nitrogen loadings for the fifty inpoundments exam ned here
average 103 gN/m2 - year and range from 3.3 to 597 gN/m2 - year. The
presence of high nitrate concentrations would also tend to suppress

nitrogen fixation activity (Wtzel, 1975).

Anot her factor possibly tending to decrease nitrogen trapping
efficiency is that nitrate nitrogen is not significantly adsorbed by
sediments. This would tend to reduce the inportance of sedinentation
as a nitrogen removal nechanism as conpared wi th phosphorus, but may
be offset, to sone degree, by denitrification. This has been tested
enpirically by performng a regression analysis of the nitrogen retention

data, using a nodel anal ogous to that enployed for phosphorus (Equation 11):

n 1 2 3 4 (23)




c = 1.928
(o]
c; =-1.155 £ .395
¢, = .262 % .770
c, = -.625 + .716
= .447 + .672

c4 )

)
{R® = .56, SEE = .565}

The sedinmentation rate exponent, C,r is not significantly different from
zero, suggesting that nitrogen retention is not as strongly linked to
sedimentation as is phosphorus retention. Simlar conclusions are
reached when alternative forns of this nodel are estimated, deleting
the other insignificant paraneters (c2 and c3).

The parameters of equation 23 have been re-estimted, setting

= 0 and using a data base of 43 inpoundnents:*

4
c = ,223
o
= -.445 * .0

c, 45 92
c, = .351 % .200
c; = .862 + .299
c4 =0

2
{R” = .455, SEE = .343}

* The retention coefficients of the seven inpoundnents with reported

val ue less than zero have been excluded in order to permt the regression
anal yses to be performed on a |logarithmc scale.
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Anal ysis of residuals fromthis nodel suggests that R val ues are under -
predicted slightly (by about .12) in six out of seven |akes with nitrogen
to phosphorus |loading ratios less than 10. This is evidence for possible
nitrogen lintation in a few of these inpoundnents and suggests that the
above nodel shoul d not be enployed under nitrogen-limted conditions.
Future devel opment of this nodel might take into account the coupling

of nitrogen and phosphorus retention mechanisns.

Average outflow total nitrogen concentrations can be estinmated from
the average inflow concentrations and estinmated retention coefficients

according to the follow ng:

(@]
]

on Cin (l—Rn) ( 24)

wher e

average outflow total nitrogen concentration (g/m3).

(@]
1

on

Wth the retention paranmeter estimtes |isted above, Equation 24
expl ains 77 percent of the variance in 109, ,.Copn’ with a standard
error of .10. It is assumed that C n is a reasonabl e indicator of
average epilimetic total nitrogen concentrations, although no data
are available to substantiate this; the NES neasured only inorganic

nitrogen concentrations within the inpoundnents.

Transparency

Transparency is an inportant water quality variable, not only for

aesthetic reasons but also because it influences the amunt of I|ight
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available for photosynthesis. Light penetration is considered to be

an inmportant factor regulating the die-off rates of coliform bacteria
in natural aquatic systenms (Chanberlin, 1978). Thus, increased transpar-
ency woul d al so be expected to result in |ower anbient |evels of these

organisms.  Pathogenic bacteria may be simlarly affected.

The Secchi disc is comonly used to measure transparency in
i npoundnent s. It can be approxinmately related to the light extinction
coefficient in the water colum with nodel of the following form (Vol -

| enwei der, 1974):

ze=k (25)
wher e,

zs = Secchi disc transparency (m

e = visible light extinction coefficient (m %)

k = an enpirical constant.

Hol nes (1970) has suggested that a k value of 1.44 is appropriate for
turbid, coastal waters. Poole and Atkins (1929) suggested a val ue of
1.7.  Sinul taneous 2 and = nmeasurenments perforned by the Indiana State
Board of Health (1976) in eight inpoundnents have been anal yzed to
verify the use of Equation 25 with k = 1.66, the geonmetric mean val ue
for the data set (Figure C-4). The possibility of a positive bias in

this relationship at high e values needs to be exami ned with additional

dat a.
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Zs = Secchi Depth (meters)
0
|

] lllllIJ ] | Lt 1 1 11
T4 8 8 1 2 4 & 8 10

€= Visible Light Extinction Coefficient (m')

Figure C-4. Relationship between Secchi Depths
and Visible Light Extinction Coefficients in Indiana Inpoundnents (ISBH, 1976)
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The extinction coefficient, €, represents the fraction of visible
l'ight energy absorbed per neter of depth, according to Beer's Law

(Wetzel, 1975):

-I—Z = exp(-eZ) (26)
‘O
wher e
I, = visible light intensity at depth Z (cal/cmzhr)
I, = visible light intensity at surface (cal/cmzhr)

The light extinction coefficient can be approximately represented as a

l'inear function of four conponents (Lassiter, 1975):

wher e
€ = extinction coefficient attributed to water (m_l)
€g = extinction coefficient attributed to non-living, suspended
solids (m )
€y = extinction coefficient attributed to algal bionmass (m—l)
e = extinction coefficient attributed to dissolved color (m_l)

The first term € is on the order of .04 il, corresponding to the
mexi mum observed Secchi depth of about 40 m (Wetzel, 1975), and is
relatively insignificant in the inpoundments being studied here. The

following linear relationships are used to estimate the remaining three

conponents:
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S S
ey = kBB (29)
€c = kCC (30)

wher e
S = concentration of non-algal particulate materi al (g/m3)
B = concentration of chlorophyll-a (g/m3)
C = concentration of dissolved color (Pt-Cobalt Units)

ks’ kB, ko = enpirical constants.

The calibration of three equations is discussed bel ow

Secchi depth and suspended solids neasurenents taken by the Illinois
State Water Survey (1977) in the Fox Chain of Lakes, Illinois, and by the
U S. Arny Corps of Engineers (1977) in five Indiana and Chio inmpoundnents
have been used to develop an estimte for ks. Figure C-5 shows the relation-
ship between suspended solids concentration and the extinction coefficient

(determined fromreported Z_. val ues and Equati on 25). Average val ues were

S
reported for each of the Fox Chain of Lakes. Individual measurenents

provided by the USACE have permitted division of the data from each

i mpoundnent into two, equal-sized groups, based upon solids concentra-
tions. The two summary points shown for each inpoundnent represent the
nmedian € and S values in each group. The suspended solids concentrations
reported in these studies represent both algal and non-al gal particul ate
material s. It is assuned that the later dom nate, since these data are

inthe range from2 to 80 g/m3, whi | e al gal biomass |evels would not be
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Visible Light Extinction Coefficient (m™')

1.66/Z¢ =€

expected to be nuch in excess of 5 g/m>, assuming a maxi num chl orophyl | -a

concentration of 100 mg/m3. The lines drawn in Figure C-5 correspond to a

k val ue of .085 mz/g - suspended solids. Deviations of the data from

the lines are assuned to be attributed to variations in . + Ec, the

| |
o] [0
€=€, +.085S
€0= €W+ ec
2F— ~ —
7
‘// (o]
]_-_( ° o Fox Chain of Lakes,
o Illinois ’
e Ohio and Indiana
| I I I | Reservoirs
1 i}
O 10 20 30 40 50 60 70 80

S =Suspended Solids Concentration (g/m®)

Figure G5. Relationship between Visible Light Extinction Coefficients
and Suspended Solids Concentrations in Corn Belt |nmpoundnents
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water and col or extinction coefficients. No independent color measure-

ments could be located to verify this assunption.

Further support for use of a ks value of .085 m2/g i s obtained
fromthe results of Shannon and Brezoni k (1972) who derived the

following relationship for Northcentral Florida |akes:

1
Z = .003 C+ .152 N (31)
S
wher e
C = dissolved color (Pt-Co Units)
N = turbidity (JTU

In terms of the extinction coefficient, equation (31) is equivalent to:
e=.005C+ .252 N (32)

Wth reference to Equation 27, the first termis attributed to dissolved
material s (ec), while the second is attributed to particulate materials

(aS + eB). The average ratio of turbidity to suspended solids for the

Fox Chain of Lakes is .32 JTU/(g/m3). Thus, in terns of turbidity, a
ks val ue of .085 m2/g is equivalent to .085/.32 = .266 m—l/JTU, whi ch
agrees well with Shannon and Brezoni k's value of .252 m_l/JTU. Possi bl e

variability in k_ attributed to different particle types and size dis-

S
tributions (Lassiter, 1975) suggests that the assuned val ue of .085 mz/g

may only be appropriate for lakes in the region and not for rivers.
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Calibration or verification of the color term €ar cannot be
achi eved directly because no col or data have been |ocated for these
i mpoundnents.  Shannon and Brezonik's results (Equation 32) suggest a
kc val ue of .OOSm_l/(Pt—CO unit). Color is assuned here to represent
hum ¢ acids derived fromsoil organic matter (Wetzel, 1975). The
met hod for predicting color |oadings based upon conputed runoff rates
and sedi ment organic matter content has been described previously.
Wthin an inpoundment, color can be expected to decay as a result of
m crobi al degradati on and adsorption/sedi mentation processes. The
removal of color is represented here as a first-order reaction, in a

model similar to that enployed for sedinentation:

C.
C = i< (33)
oc 1+K T
C
wher e,
C_ . = average out fl ow col or concentration (Pt-Co units)
C,. = average i nfl ow col or concentration (Pt-Co units)
_ -1
K, = decay rate (year ~)

Secchi depth and suspended solids data from the upstream and downstream
ends of M ssissinewa Reservoir (U.S. Arny Corps of Engineers, 1977) have
been anal yzed to devel op an approxinmate estimte for K. the color decay

rate paraneter. For each station and sanpling date, a color concentration
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has been estimated by enpl oying Equations 25, 27, 28, and 30 and the

paranmeter estimates derived above:

1.66 _ .085 s - .040

e~k _S-¢ Z
S W S (34)
k .005

Over a three-year period, the flow weighted average inflow and outfl ow
col or concentrations have been conputed as 766 and 347 Pt-Co-units,
respectively. The mean hydraulic residence tine over this period was
about .2 years. Wth reference to Equation 33, these values are equi-

valent to a K, val ue of about 6 yeafl

These data suggest that color is considerably nore conservative
than suspended clay, the decay rate for which, according to Equation
2, is about 50 yeaf% The apparent col or decay rate is high, however,
conpared with typical degradation rates of humus in soil systens, .01-.04
year L (Buckman and Brady, 1966). This suggests that adsorption/
sedi nentation nay be the dom nant col or renoval mechani sm as di scussed
by Osuki and Wetzel (1974). Mre data are needed in order to further
calibrate and verify the rel ationshi ps devel oped above for color degra-

dation and its contribution to the extinction coefficient.

The algal 1ight extinction conponent epr is assumed to be propor-
tional to chlorophyll-a concentration, according to Equation 29. Riley's

(1956) data from mixed, natural, marine al gal popul ati ons suggest that
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the proportionality constant kB, vari es sonewhat with chlorophyll

concentration:

k =8.8+5.48 "°3

B (35)

According to this equation kB decreases from 40 to 20 mz/g as chl oro-
phyll increases from.005 to .1 g/mj. Gt her investigators (Lorenzen

and Mtchell (1973), DiTorro, et al, (1975)) have assuned constant

val ues of kB within the above range. An average kB val ue of 30 m2/g

is assumed here, although additional data and analysis could permt
better definition of the quantitative relationship between chlorophyll-a

concentration and light extinction.

The rel ationship between transparency and chlorophyll in the NES
i mpoundnents is shown in Figure C-6. From Equations 25, 27, and 29, the

Secchi depth is given by:

g = k _ 1.66
S cx+kBB_oc+3OB (36)

| ndependent neasures of the non-algal portion of the extinction coeffi-

cient, «, are not available for these inpoundnents. Accordingly,

Equation 36 has been plotted in Figure C6 for various assumed val ues of

a ranging fromO to 3. The locations of reservoirs on the plot relative
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to natural lakes indicate the relative inportance of non-al gal suspended

solids and color in controlling light penetration in the former systens.

To summarize, transparency is estimted according to the foll ow ng

equation

K e =c +kS+kC+KB 38

Zg W s C B (38)
wher e

k = 1.66

::W:.04m'1

ks = .085 m2/g suspended solids

- -1 ;
kC = .005 m “/pt Co Unit
2
kB = 30 m" /g Chlorophyll-a

The three independent variables in this equation (S, C, and B) are esti-
mated for average summer conditions. Methods for estimating B are dis-

cussed in the next section.

Met hods for estimating annual average S and C val ues have been
di scussed previously (Equations 3 and 33). Summer concentrations of
suspended solids and color would tend to be considerably | ower than
annual average val ues, due to |ower input rates and |onger hydraulic

residence tines in inpoundnents during the summer nonths. Based upon
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anal ysis of data from M ssissinewa Reservoir, Indiana (U S. Arnmy Corps
of Engineers, 1977), summer average col or and non-al gal suspended solids
concentrations are assunmed to be one third of the respective annual

f1 ow wei ght ed-average outflow concentrations:

S = C o/F o (39)

¢ = C:OC/FCS (40)
wher e

F = 3.0

CcS

A factor of two might be explained rationally by the fact that mean summer

flows are about one-half the annual average value in this region. This would
approxi mately double hydraulic residence tines during the sumrer (unless im
poundnent is used for flood control) and thus provide twice as nuch tine for
sedi mentation and decay process. The additional reduction mght be attributed
to lower inflow concentrations during the summer nonths. Additional data and/or

anal yses are required to test and inprove upon these assunptions.

Chl orophyl | -a

Chl orophyll-a is a nmeasure of phytoplankton densities in an inpound-
ment. Along with hypolimetic dissolved oxygen, transparency, and nutri-
ent concentrations, sumer chlorophyll-a is often used as an indicator
of trophic state. In the interest of aesthetics, naintaining aerobic

conditions in the bottomwaters of inmpoundments and ecosystem "health,"
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as indicated by the species present and their diversity, high chlorophyl
concentrations are considered deterrents to water quality. In the
interest of fish production, however, chlorophyll night be considered

beneficial in certain concentration ranges

The method devel oped bel ow for predicting chlorophyll levels in
corn belt inmpoundments is based |argely upon theoretical considerations
and is enmpirically calibrated and tested using data supplied by the NES.
A basic assunption is that the growh of algal populations in these
i npoundnents may be limted by Iight, phosphorus, and/or nitrogen
suppl i es. The nodel is shown to have reasonabl e predictive capability,
despite the fact that other types of growh linmtation (in particular
carbon) have been ignored. Future inprovements might be achieved by
considering the effects of such additional factors. The nodel is
devel oped bel ow by (1) considering the limting effects of each factor
separately; (2) subsequently combining these effects; (3) calibrating
empirically; and (4) presenting sone evidence of verification. A
prelimnary error analysis and an interpretation of the results are

al so presented.

Light is a potentially inportant limting factor, particularly in
the turbid and colored waters characteristic of inmpoundments in the
Corn belt. The effects of light limtation on algal production are
represented bel ow using a nodel originally devel oped by Lorenzen and
Mtchell (1973) and later nmodified by Sykes (1975) and Wl ker (1977).
The following sinplified differential equation represents the growth

of algae in the mxed surface |ayer of an inmpoundment (Lorenzen and
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Mtchell, 1973).

L= - o8 (41)

wher e,

bi omass concentration (g chl—a/m3)

vs)
1

growth rate (d@ays 1)

=
1

§ = decay rate (days 1)

t = time (days)

The grow h and decay rate paraneters are evaluated at typical, sumrer,

epilimetic tenperatures. The decay rate is assumed to represent the

total effect of a nunmber of processes, including respiration, settling,
predation and flushing. Sykes (1975) suggested that Steele's (1962)

formulation be used to represent the effect of light intensity on

growh rate:
I I

'S ,t _ Tzt (42)

max I exp (l- I )

u s s
wher e

I, ¢~ visible light intensity at depth Z and tinme of day t

2
(cal/cm ~hr)
IS = saturation light intensity for algal specie (cal/cm?‘—hr)

= . . . . —l
u ™% = growth rate at optimal light intensity (days ~)
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Variation of light intensity with depth is represented by Beer's Law

_ (-€2)
Iz,t = Io,t exp (43)

surface light intensity at time of day t (cal/cmz—hr)

H
1

extinction coefficient (m )

m
1

As noted previously, the extinction coefficient is a linear function of

al gal density:

e =0 + kBB (44)

Variation of surface light intensity with time-of-day is represented by

a cosine curve (Vollenweider 1966):

2Tt A A
I, = 5T, 5 (L +Cs =57, -5<t< 3 (45)
=0 , otherw se

wher e

L surface light intensity at noon (cal/cmz—hr)

’

>
1

day length (hours)

time from noon (hours)

—
1

By integrating Equation 45 over one daily cycle, it can be shown that:
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Q
Tom ™ (46)
o,m A
wher e
fo = total daily visible radiation (cal/em® - day)
Wth other nutrients present in excess, the steady-state, light-limted

al gal density can be estimted by setting Equation 41 equal to zero, com
bining with Equations 42 - 46, integrating over mixed depth z, and over

one, 24-hour cycle, and solving for B

umax F o
B_ = - = (47)
L ¢ kB Z, kB
24
e o,t Io t
F = ey [exp(— Is exp (-€Ze)) - exp(~- I Nat (48)
0
wher e
B, = light-linited biomss (g Chi-a/m)
F = Surface light depth-integral (dinensionless)
Ze = Epilimion depth (m

For a totally absorbing surface |ayer (eze 2 5),

the first terminside the integral of Equation 48 is essentially equa
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to one, and the integral can be evaluated nunerically for the follow ng

typi cal paranmeter values

I = 240 cal/cm’-day (McGauhey, 1968)

A = 13.5 hours/day

Is = 2 cal/cmz—hr (Parsons and Takahachi, 1973)

I and A values have been selected for an average summer day at 40°
latitude, assuming 75 percent of possible sunshine. The I value is at
the lower end of the range of experinmentally determi ned values and is
thus appropriate for the shade-adapted al gae which woul d be present
under light-limted conditions. Accordingly, the F integral has been
evaluated nunerically to give:

A
F = .862 e oy =1.32 (49)

The value of this integral is rather insensitive to the assuned val ues

of T and I .
o] S

Anot her factor which needs to be evaluated in Equation 47 is
u™3%/8. Under light-limted conditions, the decay term &, would be
governed by algal respiration, which is generally on the order of 10 per-
cent of the maxi mum photosynthetic rate (Parsons and Takahachi, 1973).
Accordingly, umax/ﬁ is assuned to be 10. The incremental |ight extinc-

tion coefficient due to algae, kg, has been estimated previously at 30
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m2/g Chl-a. Substituting the above paranmeter estimates into Equation 47

gives the following result:

K
L o
L.z " 30 50
- (50)
max
_U T F
K =K .440

By represents the nmaxi mum steady-state bi omass which could exist in a
hori zontal I y-m xed inpoundnment when all nutrients except light are avail-

able at levels optimal for algal growth.

The average epilimion depth, Z is defined as the vol une above
the thermocline divided by total surface area. Assuming an inverted

coni cal geometry for the inpoundment bottom Z, is estimated as foll ows:

8]
=
i
%

wher e,
A . 3
Ve = epilimion volune (m™)
3
V = total volunme (m™)
2
AI = surface area (m )
me = maxi num depth (m
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Ziy, T thermocline depth (m

Z = nean depth (m

Snodgrass (1974) anal yzed data from a nunber of northern | akes and

derived the followi ng enpirical relationship

7 =1.6 2> (54)
e

Using Z, 2 ax’ and Z, val ues derived from July tenperature profiles

h
nmeasured by |1SBH (1976) in eight Indiana inmpoundrents, 2, val ues have

ax

been cal cul ated according to Equation 52 and conpared with the predic-

tions of Equation 54. Agreement is reasonable, except for Z < 3 nmeters,
in which Equation 54 gives Ze val ues greater than Z. Accordingly, the

following enpirical method is used to estinate z.:

zZ =1.62z2"7", Z>3m

This method is appropriate for early sumrer conditions and may be |ess

valid in reservoirs with unusual hydrodynani c characteristics.

Estimates of «, the residual, or non-algal conponent of the extinc-

tion coefficient can be derived from sinmultaneous Secchi depth and
chl orophyl | concentration measurenments according to the follow ng

version of Equation 36

128 _ 308 (56)

s
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When non-al gal suspended solids and col or nmeasurenments or estimates are
avail able, «, can be estimted independently of B according to the

foll owing version of Equation 38
o= .04 + .85 S + .005 C (57)

In the calibration work discussed subsequently, Equation 56 is enployed
to derive o estinates fromzs and B neasurenents in the NES inpoundnents.
When the nodel is used in a predictive node, Equation 57 is enployed to
permt estimation of o and B as a function of estimted suspended

solids and color concentrations

Equation 50 indicates that o values greater than 13.2/ze will
prevent algal growth due to severe light limtation. Exam nation of
data fromthe NES has reveal ed one inpoundnent, Lake Springfield, wth

a relatively low conputed B, value of .007 g Chl—a/m3. The observed

L
mean chl orophyll-a concentration in this reservoir was .013 g Chl—a/m3,
al nost twice the conmputed, maximumlight-linmted value. Sinilarly,

Lake Lou Yaeger (in the verification data set) has a conputed B. val ue

of -.060 ¢ Chl—a/m3 and an observed concentration of .011 g Chl-a/m3.
While errors in the data could be responsible for this, it is probable
that Equation 50 is not valid as B, approaches zero. Light limtation
could not result in a conplete absence of phytoplankton. Due to in-
conpl ete horizontal mxing, shallow bays and littoral areas coul d support
algal growth in a turbid inpoundment, despite the fact that average

conditions in the epilimion might not. In calibrating and applying

the nodel, BL is allowed to assune a mininmum value of ,020 g Chl—a/ms.
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Thi s assunption influences the conputed B val ues of only two out of

the fifty inmpoundments used to calibrate the nopdel

The effects of phosphorus limtation upon algal production are esti-
mat ed based upon kinetic and stoichionetric considerations. Enmploying
Monod kinetics, the equation for algal growh as a function of available
phosphorus concentration under optinmal |ight and other nutritional con-

ditions is given by:

g%= (umax 2_}‘\l p%+K - 8) B (58)
a p
wher e
B, = avai | abl e phosphorus concentration (g P/m3)
Kp = half-saturation constant for phosphorus uptake (g P/m3)

This equation is anal ogous to Equation 41 for light limtation and
assunes that light is available at optinal levels for algal growh
during the day. At the maxi mum phosphorus-linited biomass |evel, the
avai | abl e phosphorus concentration can be found by setting Equation 58

equal to zero and solving for Pa
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Under these conditions it is assuned that the rest of the phosphorus

has been taken up by the al gae:

wher e
QP = maxi mum phosphorus-linmted bionass (gChla/m3)
Yy = al gal p requirenent (gp/m’)
P = total phosphorus concentration (gP/m3)

The fol | owi ng paraneter val ues are assumed:
Kp = .01¢g P/m3 (Di Toro et al., 1975)

yr¥ s =10 (Parsons and Takahachi, 1973)

1 gP/gChl-a (DiToro, et al., 1975)

jad
1

>
11

13.5 hours/ day
Accordingly, Equation 60 can be evaluated as:

B, = B - .0022 (61)

Assumi ng that the median, sumrer total P concentrations reported by the
NES are representative at gtvalues, B, can be linked to average outfl ow

P concentrations wusing Equations 19 and 20 for natural |akes and
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reservoirs, respectively. These, in turn, can be related to average

inflow P concentrations and retention coefficients using Equations

17 and 18.

The effects of nitrogen limtation on algal production are repre-

sented in an anal ogous fashion:

n =K L

a n max (62)
Ay
24§

By = (g = m )Yy (63)

wher e,

n, = avail abl e nitrogen concentrations (g N/m3)

K = hal f-saturation consistent for nitrogen uptake (gN/m3)

n_ = tot al nitrogen concentrations (gN/mB)

YN = algal n requirenents (gN gChl-a)

BN = maximum nitrogen-limted bionmass (g Chl—a/m3)

The foll ow ng paraneter val ues are assuned:

01 g/m°

~
1

7 gN gChl-a (Parsons and Takahachi, 1973)

<
1

Accordingly, BN is given by:
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By = (n, = .0022)/7 (64)

Thi s equation ignores the possible effects of nitrogen fixation by bl ue-
green algae and is therefore not valid under conditions in which that
phenonenon is inmportant. It is assuned that n, is related to average
outflow nitrogen concentration in a manner sinilar to that observed

in the case of phosphorus, although no data are available from the NES

to verify this

G ven the above expressions for the maxi mumlight-, phosphorus, -
and nitrogen-limted biomass |evels, a means of estimating the effects
of sinultaneous limtation by nore than one factor is required. A node

of the followi ng general formis proposed for that purpose:
m m m
1\"® £ £ fy
) T %ot iE) T\&) T\ 5, (62)
L P N

B = observed, nean summer chlorophyll-a concentration (g/m3)

B’ fN = enpirical paraneters

One characteristic of the fornulation is that, for m> 0, a relatively
| ow val ue of BL/fL woul d cause the corresponding termto dominate the
right side of the equation. In that case, light would be controlling
the bionass level. Similarly, phosphorus or nitrogen could be con-
trolling. The parameter mdeternmines the extent to which nore than

one factor can be sinultaneously inportant in determining the bionass
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level. As mincreases, the relative magnitudes of the various limting
factor terms becone increasingly different, permitting only one termto
dominate at a tinme. As m approaches zero, the factor terns become
increasingly simlar and the nodel approaches a nultiplicative one. The
val ue of (fL/BL)Hﬁ for exanple, could be viewed as a neasure of the
resistance to algal growh attributed to light limtation. |In that
sense, with fO = 0, Equation 65 is equivalent to the fornula for the
total resistance of an electrical circuit consisting of three resistors
connected in series. The enpirical parameters have been included to
permt calibration of the nodel and testing of the significance of

each term

Cal i bration of Equation 65 has been achi eved by enploying the
BMDP Nonl i near Regression Analysis Program BMDP3 (Di xon, 1975).
Coef ficients have been selected to mninize the suns of squares of
residuals, expressed as the differences between the observed and
estimated, transformed chlorophyll-a concentrations. The follow ng
transformation has been found to give normally distributed, honoscedastic

residual s:

B = -1./VB (66)

B, = transforned chlorophyll-a concentration. (g Chl—a/m?)—%

Opti mal val ues of N S and £y have been estimated for various

L’ P

assumed values of m ranging from.125 to 2.5. In addition, K_, a

LI
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paranmeter in the light limted biomass expression (Equation 51), has

been optimzed. Since the K val ue given in Equation 51 was derived
froma variety of theoretical assunptions and "literature" val ues of

the paraneters umax/s and I.- both of which are subject to error, optim -
zation of this paraneter is considered both desirable and perm ssable

without sacrificing the theoretical basis of the nodel

Initial calibration runs using data from 50 inpoundnents have
i ndi cated that optiml val ues £ and fN are not significantly different
from zero for any of the assumed values of m (.125, .25, .5, 1.0, 1.5,
and 2.0). Wth these paranmeters set equal to zero, the value of m
whi ch gives the snallest mean squared residual is 1.0. Optimal coef-

ficients for this case are as follows:

f_ = 1.866 + .149

p
fL = 1.363 + .333
K o= .440 = . 052

Wth these coefficient values, Equation 65 explains 82.4 percent of the
vari ance of Bt, with a standard error of 1.378. Cbservations are plotted

agai nst model predictions in Figure C7.

Three strategies have been enployed to test the nodel: (1) analy-
sis of residuals; (2) tests for paraneter stability; and (3) tests on

an independent data set. Results of these tests are discussed bel ow
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The residuals of the nodel

plotted against a variety of

nutritiona
VWiile forma

nor na

probability plot

have been tested for nornality and

regi onal, norphonetric, hydrologic, and

factors derived fromthe data in the attached tables

statistical tests for nornality have not been applied, a

appears to be linear (Figure C-8). Exanination

of other residuals plots has reveal ed a slight negative bias (averaging

about - .7 or one half of the standard error) in the ten inpoundments

with hydraulic residence tines less than .1 years.

that flushing is an inportant

This may indicate

renoval mechani sm (conpared with respira-

tion, for exanple) in these inpoundnents. Future versions of the node
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coul d account for this by calculating § (Equations 41 and 58) as a

partial function of residence tinme. A plot of residuals against

longitude indicates a slight positive bias (again averagi ng about one

hal f of the standard error) in the seven inpoundments east of the 83°
meridian. The source of this bias is unknown. Aside from the apparent

bi ases di scussed above (neither of which is statistically significant), no

systematic deviations have been detected in residuals plots.

Tests of paraneter stability have al so been perforned in order to
devel op some evidence of nodel verification. The data set has been
divided into two groups (23 natural |akes and 27 reservoirs) and

optimal £_, £, and KL val ues have been estinmated for each group and

P’ L
for assumed mvalues of .5, 1.0, and 1.5. An F test based upon residua
suns of squares (Dixon, 1975) has been used to test for significant

paranmeter variations across groups for each assumed value of m  Conputed

F statistics for assumed mvalues of .5, 1.0, and 1.5 are 1.89, .93,

and 1.01, respectively, with 3 and 44 degrees of freedom At the

90% confidence level, an F ratio of 2.43 or higher would indicate
significant paraneter variations across groups. Wiile this test is

only approximate in the case of a nonlinear nodel, the apparent stability
in the paraneters is evidence for verification of the nmodel and further
justification for the selection of an mvalue of 1.0, which resulted

in the lowest F ratio.

The nmodel has al so been tested using data from 20 other NES
i mpoundnents in the Mdwest, including seven fromlllinois, one from

I ndiana, three fromChio, and nine fromlowa (listed in Attachnment).
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Some of the data are frominpoundments which were onmitted fromthe
calibration data set for one or nore of the reasons listed previously
(see Data Base). The conputed standard error of B, estimates for these
20 lakes is 2.58, considerably larger than the standard error in the
data base used for calibration, 1.38. Exam nation of the residuals
reveal s a strong negative bias (about three standard errors) in the
residuals fromthe three inpoundnents with overflow rates greater than
150 myear or residence tinmes less than three days (Charleston, Beach
City, and O Shanghnessy). This suggests that flushing may be an

i mportant al gal removal nechanismin these inpoundrments, as noted in
the residuals plots discussed above. Another inpoundment with a highly
negative residual, Lake Weematuk, was sanpled only tw ce by the NES
during the sumer of 1974. The chlorophyl| estimate for this inpound-
ment is therefore less reliable than for the others. Finally, outflow
phosphorus concentrations in Lake Aquabi were sanpled only five tines
by the NES, as conpared with 12 or 13 sanplings in the other NES

i npoundnents. If, for the above reasons, these five inpoundnents are
rejected fromthe data set, the standard error of the chlorophyll nodel
reduces to 1.38, in agreenent with that observed in the data base used

for calibrating the nodel.

One potential problemwith the parameter estimation procedure is
that estimates of the independent variable o, obtained fromthe NES
data according to Equation 56 are dependent upon observed Secchi disc
and chlorophyll values. Thus, in the above estinmation procedure, B

appears inmplicitly on both sides of equation. It would have been
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preferable to have derived a estimates from independent suspended
solids and col or neasurenments, had these data been avail abl e. Thi s
procedure used for estimating o may have inflated the apparent R2 of
the nodel and the significance of the B term The correlation
coefficient between o« and B is .10, however, indicating that variations
in a are governed chiefly by variations in Secchi depth and are nearly
i ndependent of B values. This suggests that a« is chiefly a measure of
non-algal turbidity and color and is not very sensitive to errors in
chlorophyll estimates. Variations in B, according to Equation 50, are
al so governed nostly by the changes in Z,+ as opposed to changes in a.
Thus, the problens arising fromuse of this procedure nay not be inpor-

tant, although the nodel should be verified using « estimtes derived

i ndependently, should such data be available in the future.

Using expected value theory, it can be shown that the coefficient

of variation of a chlorophyll-a estimate derived fromthis nodel is

given approxi mately by:

cv_ = 2vB o_ = 2.76 /B (67)

wher e

B = estinmated chlorophyll concentration (g/m3)

CVB = coefficient of variation of B

o = standard error of nodel =1.378

This equation does not consider the effects of paraneter errors, which

woul d be inportant only at extrene values of the independent variabl es.
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At the average Bt value for the data set, the conputed coefficient of
variation of B is .348. This corresponds roughly to a 9.5 percent con-
fidence range of = 70 percent in the B estinate, a fairly wi de error

mar gi n.

A prelimnary error analysis has been perfornmed in order to parti-
tion the observed error into nodel and neasurenent error conponents.
An inportant measurement error conponent is that associated with esti-
mati ng mean summer chl orophyll-a concentrations from grab sanples taken
by the NES generally on three dates for each inpoundment. This error
has been quantified by conpiling and anal yzing the spatially-averaged
chl orophyl | data for each sanpling data and inpoundnent. The conputed

average coefficient of variation of the mean chlorophyl|l estimtes for

fifty inmpoundnents is .30. This can be conmpared with the nodel resid-
uals, which indicate an average coefficient of variation of .35, as

cal cul ated above. Thus, an appreciable portion of the observed error
can be attributed to sampling errors in the mean chlorophyll val ues due
to tenporal averaging. This does not include errors due to spatia
averaging. (O her types of neasurenent errors are associated with the

i ndependent variables in the nodel, including phosphorus concentrations,
Secchi depths and epilimion depths. Any remaining error can be
attributed to the effects of factors not considered in the nodel. Based
upon the above analysis, that conmponent is probably small conmpared with
the neasurement error conponent. Thus, the actual nodel error is pre-

dicting chlorophyll values is probably considerably |less than that com

puted according to Equation 67.
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The insignificance of the nitrogen termin Equation 65 is not
surprising, in view of the excess nitrogen supplies in these inmpound-
ments, as discussed previously (see Nitrogen Trapping and Concentration).
The average value of By for the data set is .287 g Chl—a/m?, conpar ed
Wi th average BL and BP val ues of .094 and .077 g chl—a/m3, respectively.
Thus, nitrogen supplies for algal growh are about three and four tines
in excess of light and phosphorus supplies, respectively. It is possible,
however, that inclusion of the nitrogen termin Equation 65 could be justified
given data from inpoundnents with |lower nitrogen concentrations. In

applying the nodel to assess soil managenent practices, the nitrogen

termis tentatively included with an assumed val ue of e equal to £5

(1.866).

The enpirically optimal value of ﬁ_is .440 £ .052, identical to
the theoretically proposed value. This is surprising, in view of the
assunptions and literature parameter values which went into the
theoretical estimate. Wile other "theoretical" values of KL are per-
haps equally justifiable, the agreement between the enpirical and
a-priori values of this parameter |ends sone strength to the validity

of the nodel.

One theoretical interpretation of these results is that fL/BL and
fP/BP are neasures of the resistance to algal growth due to |ight and
phosphorus limtation, respectively. Figure C9 plots these resistance
val ues, using different synbols for reservoirs and natural |akes. The
dashed lines in Fig. C9 represent lines of equal biomass potenti al

conputed as the inverse of the sumof the two resistance terns, accord-
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r = f_/B_ = Light Resistance, {m%qg Chi-a)
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Figure G9. Relationship between Light Resitance and Phosphorus

Resistance to Algal Gowh in Corn Belt I|npoundnents
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ing to Equation 65. The potential ranges from about .003 g chla/m3 in
the mar|l |akes of Northern Indiana to about .100 g Chl—a/m3 in Buckeye
Lake, Chio. The solid, diagonal lines represent different ratios of
light resistance to phosphorus resistance. Mst of the inmpoundnents
fall below the main diagonal, where phosphorus is the domi nant control-
ling factor. Light appears to be nore inportant in reservoirs than in
natural |akes, as indicated by the relative positions of these two
groups on the plot. Higher turbidity, color, and phosphorus concen-
trations are typical of reservoirs in this data set. Al of these
characteristics could be related to the lower geonetric mean hydraulic
residence time of these reservoirs (.24 years), as conpared with natura

| akes (.46 years). Due to increased trapping/decay of sediment, color

and phosphorus, inpoundnents with higher residence times would be

expected to be increasingly phosphorus-limted.

The follow ng equations summarize the predictive nethodol ogy

devel oped for nmean summer, epilmetic chlorophyll-a concentrations:

B = - 68
o = B - -0022 (68)

By = (n_ - .0022)/7 (69)

.440 o
BL = " 35 (70)
e

1 =1.866  1.866 1.363

= + + (71)

B BP BN BL

In applying this nodel to evaluate the effects of soil managenent
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practices on water quality, the follow ng relationships are also enpl oyed

to estimate the independent variables:

P = .778 C_, (72)

n_ = .778 C__ (73)

z, = 1.6 z’57 ; 2> 3m (74)
=2z r Z < 3m

o = .04 +.085S + .005 C (75)

The nunerical constant in Equations 72 and 73 represents the
geonetric mean ratio of nedian, sumrer total phosphorus to nean
annual outflow phosphorus in the fifty inmpoundnents used for node
cal i bration. It should be noted again that inclusion of a nitrogen
term has not been enpirically verified, possibly because of the exces-
sive nitrogen supplies in the inpoundnents used for calibration. Mde
predictions under nitrogen-limted conditions are therefore considerably
less reliable than those nade under phosphorus- and/or light-limted

condi tions.
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AD=

U S.E.P. A National

| mpoundment
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Trophic State (EUTR= Eutrophic,

| mpoundnment Type (RES= Reservoir,

Degr ees,
Degr ees,

Tabl es of
and Testing | npoundment

ATTACHMVENT TO APPENDI X C

Data Used in Calibrating

Model s

Key to Synbols Used in Data Tables

Name

North Latitude

West

Longi t ude

Surface Area (km2)

Eut r ophi cation Survey Wbrking Paper

Nunber

MESO= Mesot rophic, OLIG= digotrophic)

NAT= Natural Lake)

Drai nage Area, excluding inpoundment surface, (kmz)

Mean Depth (m

Maxi mum Depth (m

Mean Hydraulic Residence Tinme (years)

Surface Overflow Rate (myr)

Total Phosphorus Loadi ng (g/mz—yr)

Tot al

Phosphorus Retention Coefficient

(di mensi onl ess)

Average | nflow Phosphorus Concentration (g/m3)

Average CQutflow Phosphorus Concentration (g/m3)

Phosphorus Settling Velocity (myr)

Total Nitrogen Loading (g/m2—yr)
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G N=

UN=

CHLA=

ALPHA=

ZSEC=

TPME

OPME=

I NM=

LP =

UP'

Total N trogen Retention Coefficient (dinensionless)

Average Inflow Nitrogen Concentration (g/m)

Average Qutflow Nitrogen Concentration (g/m3)

Nitrogen Settling Velocity (myr)

Mean Summer Chl orophyll-a Concentration (mg/m3)

Non-al gal Portion of Visible Light Extinction Coefficient=

1.66
ZSEC

Mean Summrer

Secchi

-1
- .03 CHLA (m ™)

Depth (m

M ni mum Hypol i metic Di ssol ved Oxygen Concentration (g/m3)

Medi an Sunmer Total Phosphorus (g/m3)

Medi an Sunmmer Ortho- Phosphorus (g/m3)

Medi an Sunmer | norgani c Nitrogen (g/m3)

Sedi ment ation Rate (kg/mz-yr)

Apparent Sedi nent Loadi ng (kg/m2-yr)

"Corrected" Total Phosphorus Loading (g/mz—-yr)

"Corrected"

"Corrected"

Tot al

Tot al

Phosphorus Retention Coefficient (dinmensionless)

Phosphorus Settling Velocity (myr)
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Table C A Data Used for Mdel Calibration

ID NAME STATE TROPHIC TYPE LATI LONG AS AD z ZMAX ™ Qs
296 OLODMINGYIIN [N EUTR RFS 40,650 88,920 1.970 178.0 5.000 10.700 0.200 17,241
297 CARLYLE 1.t EUTR RE S 30.670 09,250 105,200 6937.0 2.700 11 000 0.180 1%.000
301 CRAD ORCHARD TLL EUTFR RES 37720 89.080 28.190 492, 4 3. 000 6100 0.790 3.797

___SQZ.DEQATQEMU“__.-__[LL____,EU1B\m__NeI 32800 _A8.000_._114350__2418,0___ 1.400 _ 3600 ____ 0,030 __48.6GET. .
309 LONG 1L FUTR NAY 42.380 AAR.130 1.030 98,7 1.600 4,900 0.088 18,182
312 RACOON ILL EUTR RES 38,550 B9.,080 3.9170 12240 1.200 3,700 0,200 64000
313 REND e EUTR RES 28.080 BY.970 T76.490 1224.0 4,700 6a600 1.250 3.7€0

— 315 _SHELAYVILLE __  ILL EUTR _ RES 39,500 AR.630 44, sao._aées.a 5.000 _J5-50Q 0.360__13,889_
31T SORINGFTIELD jin. EUTR RES 39,7207 89.600 17.130 664.1 4,000 6. 0. 4R0 B3
318 STOREY L EUTR RE S 40,530 90.400 0.530 17.7 4.600 .?oo 0.770 S.974
320 VERMILION e EUTR RE S 404,170 87.650 2.830 T7146 1400 44600 0.025 564000

322 _WNNDER 1 FuTR RES 422380 AB,350.__ 2.950 24940 ___ 2.500_ .. €.200.___0.150 __15.6G667._______
323 BASS IND EUTR MAT 41.220 B6.580 54690 Te? 1.800 94800 32.200 0,563
324 CATARACT IND FUTR RES 38,480 A6.920 5.660 75643 6100 174000 0.140 43,571
325 CROOKED 1ND ME SO NAT 41.670 A5.050 3.250 2746 6100 23.500 2.600 2,346

326 _DALLAS N IND EUTR NAT 41550 851429___1-1&Q_~_JQZ-0__L9150Q 294300 ___0.410__ 2634
327 GET1ST IND EUTR RES 39.920 85,950 74290 55240 600 6.700 0.160 22.500
328 HAMILTON IND EUTR NAT 41.550 84.920 2.250 39.6 o 300 214300 1,800 34500
aA30 JAMES LAKE IND sEUTR NAT 41.320 0S. 730 1e140 144,.8 8,200 19.200 04220 37.273

e 3L _JAMES IND MESD. ___NAY ____A1,700 85,030 4.190___119:6 74300 26.200____0.860___R488 ________
332 LONG IND EUTP NAT 41.550 A5.030 0.370 17547 5,100 9+700 0.036 1A1.667
333 MARSH IND EUTR NAT ata72 84.980 0e.230 38.4 €100 11,600 0.120 &0.833
334 MISSISSINEWA 1 ND EUTR RES 40467 85.920 12.750 207840 7.200 34,700 0.140 614429

e 335 MAXINKUCKER IND MESQ . ___ _MNAT ex;egg__gﬁ 400 7.540 28,0 7,300 __26.80Q 6 +700 1090
336 MONROE IND EUTR RES 394080 A6G«420 434500 1076.2 54300 22.200 0. 660 8,030
3237 MORSE 1ND EYTR RES 40.080 B86+030 5570 549.7 4.700 15.200 06150 21,2323
238 O IN IND ME S0 NAT 41.570 BS5,390 04,420 146 114700 25,000 1.100 104636
.33 OLIVER _________IND MESO NAT 41.580__954900 ___ 1500 _27.2_ __12.200__27.700___ 2,300 5304
340 PIGEQGN 1ND EUTR NAY 414640 BH,950 04250 02.7 4,600 11.600 0.047 ©S7.872
342 TIPPECANQE IND MESD NAT 41.330 85,770 3.110 289.6 11,300 3I7.500 0,410 27.561
344 WAWASEE 1ND MESO NAT 41.400 B8S5.700 12,380 B81eR 6.700 23.500 3.500 1.914
mw.QQS_ﬂEEqTF&_«._"__“_lND EUTIR NAT QLLBZO as.&zo a.:zu_n_lza.a___z.xoo 1234700 0«130__16.15%
346 WESTLER IND EUTR NAT 41.3 A5.39 Q7.5 6100 11,600 0,074 82,4732
347 WHIYEWATER IND EUYR RES 39.6!0 ﬂ4.970 o.alo 49,0 4,600 14.900 0.260 17,692
348 WINONA IND EUTR MNAT 41,220 85,830 2.270 80.8 G.100 24,400 04870 104840
349 WITHER IND EUIR NAT 412530 B85.400 0..830 Q2T 102400 164500 0320324500
393 ATw0OOD CHIQ EUTR RES 40.540 B1.250 6230 174 .8 4,700 8.200 0.490 9.8592
395 DERLIN OHID FUTR RES 41.000 821,080 8,900 633.0 4.900 14,000 Q0.222 22.072
396 BUCKEYE OHID EUTR NAY 39.920 B82.500 12.710 10240 1,900 6,000 0, 40 2,969

..... _J97 CHARLES MILL __ _OHIO = EUTR. _ RES 4002950 824370 5,860 5570 _1s700 ___92:400___0.055__ 30,909
398 DEEPCREEK CHIO FUTR RES 39.720 B83.250 54170 71240 S« N0O0 104,400 0120 414667
399 DELAWARE OHTO EUTR RES 404330 83.170 54250 994 .6 3,300 94400 0.063 624381
400 OILLON OHIO EUTR RES 404000 02,080 $¢360 191640 3,000 74600 04025 120000

Q0L _GRANT = OHIO. __ fUTR____ NAT __ 32.000__83.23Q____ 0aZ60  6Za3 14900 _ 8100 __ 0e0AT __284358..____
402 HOLIDAY CHIOD EUTP RES 414100 82730 0+190 34,8 3.900 4,900 0.280 13,929
403 HOOVER OHID FUTR RES 40.080 A2.870 11,430 481.0 6.500 17,600 0.490 13.265
406 MOSQUITO CRE OHIQ EUTR RES 414330 80.750 31.570 221.0 2.700 6.100 0. 960 2,812

408 _PLEASANT HIL QHIOQ EUIR RES___ 40,0230 82,330 3,880 __ S07.,0___4,800.__11.,000.__0.096__50.000
409 ROCKFQRK aHtla EUTF RES 39.180 A83.500 6170 287.2 5100 12,100 043%0 13,077
411 ST MARYS oHIO EUTR NAT 840,530 84,500 44,520 24640 3.000 74500 1.600 1.87S
—— .- .-MEAN R e e - 400 988 _BS5.S66 114423 ____SBB.S 5:084.._13.982 0126264918
STD DEV 1.094 24831 204046 110B.7 2.08213 Be 510 1,179 30,237
MINIMUM 374720 80,750 0.190 Ta7 1,200 3.700 0.025 0.563
MA X1 NUM 42.380 90,400 1096200 693740 12,200 37,500 o700 141,667

——eMERTAN 80710 854410 _4.675 176.8 44750...11a300____0.285 18.410
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Table CGA (cont'd). Data Used for Mdel Calibration
1D NAME LP RP cie cop up LN RN CIN CON UN
...296 BLOOMINGTON 24170 __ Ge310__ Qs126 0,087 727466 174, 190 0-1_00.__10199&__11-105____. 1567 . _
297 CARLYLE 3000 0+390 0.200 0e122 9.590 ag,2 0+100 2.892 1.667
301 CRAB ORCHARD 24820 0«780 0e743 0. 163 13.464 13-000 0550 3.&?3 1 .540 4.641
302 DECATUR 94150 0«2&0 0+196 04145 164396 2394600 =-0.190 Se 134 64110 =7,451

e 309 LONG__ ____ 30660 __ 0e620__ _1,301 ___0,424___29.665_114.800 0+ 550 6a314 24841 22.222
312 RACDON 1170 0.280 0.19% 0. 140 24333 19,500 0,430 J.250 14892 4 .52
3132 REND 0:97¢ 8:590 C+258 g.129 3,760 S+300 Ge 420 296373 16527 24723
316 SHELBYVILLE 44120 0,660 04297 0,101 264961 85,900 0220 6.185 4-82“ 3.917

31T _SPRINGFLELD 1700 0250 04204 0353 2778 _£3, 999“00.340___7 -66.1‘1 G061 4,293
318 STOREY 2180 0690 0365 04113 13,297 43,50 S5.243 24 323
320 VERMILION 10 200 0. 330 Oe182 0.122 2T 582 3880000 0.070 60929 Gel44 44215
322 WONMDER 12.390 0+560 0.743 0.327 21,212 82,900 0810 44974 2.938 11.582

—e 323 BASS 04090 0,440 0,160 ____0.090.___0.,242 3300 0e420 SaB867 . 3.403 ___._ 0,407
324 CATARACT 5.650 G.5630 0.130 0.074 32,870 1A3.100 0.260 4.202 LT
325 CROOKED 04240 0790 0.102 0,021 B.826 6500 0« 540 2770 1.27
326 DALLAS 1. 530 0.070 0.058 0,054 14983 62,900 0.330 2+ 388 1.60

327 GEISY 2080 _€0400 D128 0¢027_15.000 91400 __=0,020.__ 4082 4,1
328 HAMILTON G320 04 TO 0091 O 4G4B 34104 124000 Oe 5330 34429 X
330 JAMES LAKE 1300 =0.030 0,035 04036 -1,086 @a88.800 04040 24302
331 L JAMES 0+340 0+590 0.040 0.016 12,215 13,400 0. 460 1579

———332_LAONG 294540 02330 ___04209. _ 0,140 69.776 S9€.700_ 0,100 _4.212_ 3,79} 15,741
333 MARSH €090 0060 0s120 0,113 3.245 B3,700 -0.020 1.647 1679 ~0.,997
334 MISSISSINEWA 12.590 0+¢490 0.245 0,125 49.412 256.300 0270 4.984 J.638 19.022
335 MAXINKUCKEE 04150 Ce870 O.138 0.018 T.292 654600 04800 Ss+140 1.028 44358

336 _MONRQE 0.280 D:430 0. 0235 0.020 6. 088 Q:000 0:010 13121 1a310 _0.08Y
3317 MDRSE 6+520 0-530 0208 0.098 35.333 157.800 0.110 S+ 036 4,482 3.873
338 OLIN 0.810 0790 06076 0.016 40,013 3a.600 0+380 3.253 2017 6.519
339 OLlVER 0160 04560 0.030 0.013 60 751 15700 OGesa40 24960 1 658 4,168

——330_PIGEON Be320 0200 . 04085 0.068._28,468_423,900.__ 06130 4+331____ 3.758__14,62S
342 TIPPECANOE 1100 0290 0.040 0.028 11.287 ¢8&.300 G190 24478 2.007 6465
344 WAWASEE 0.110 0«640 0,087 0.021 3.403 B.700 04620 4.545 1727 2.123
245 WEBSTEQ 1.040 04500 0.064 0.032 16.154 524200 0s240 3.231 2.456 S.101%

e D6 WESTLER ____ 4.3920 . 0s110___ 0083 0047 10,188 158,700 =041T0_ 1.925 2252 _=11.977
347 HHITEWATER 3,280 0.640 0.+1885 0.+067 314453 89,100 0.240 S 036 3¢ A27 S+587
348 WINONA 0. 800 0.480 0076 0.040 946655 39.,R00 0230 3,805 2.930 J.124
349 wiTMeR 24730 £e330  0.084 0,056 164007 7T9.700 04190 2.852 1,986 7,623
_393_ATWOOD 1670 046500 ..1.13.._...__&.‘061.—.11.‘3.13 21280004270  2.273. . 1.£659___3.548__.
395 BERLIN 84870 0.760 04266 0. Q€4 69.895 59.700 260 2705 2002 7755
396 BUCKEYE 0.510 0.100 QG172 Q4 1685 0.330 8,800 04230 2+964 2.282 04887
397 CHARLES MILL S5¢560 0170 0.180 04149 6+,331 ?1.000 00100 24044 2.650 3,434

JR—— 3,93 DEERCREEK 5s540____ Qo 200 01.1_33-__0- 106104817 140,100 _=0.060___3.362 3eHOQ4__ _=2.358

929 DELAWARE 12.490 04420 Q.238 0,138 I7. 931 224.200 0«110 4280 3. 809 6.474
400 DILLON 32.910 0.510 0.274 0.]134 124.A98 468.R00 0.220  3.907  3.047 33,846
401 GRANTY Bs510 0+150 0,300 0. 255 5.00a 56900 =-0.210 2006 2.428 ~4,922

— A02 MOLINDAY. _ _ B:410._ Q-EOQ 00604..._041.21_~_.55n113__68;ﬂﬂﬁ___0. S40. . 3,939 2.222 16,381
403 HOOVE 1740 0.650 013 0.0@5 34 636 32-800 0.]00 28713 24225 1.474
406 MOSQUITO CRE Ge 320 Ge440 Oeila O N4 2e210 60100 0e280 241069 1562 14094
408 PLEASANTY HIL 3.510 0.210 €070 0 .055 13.291 BR.B00 0+130 1.776 1.545 T«471

— ~A09 ROCKFORK ______ __ 2.0580Q O-Il 0___ Q. 15.7___0009.5__32_1511&_32L30Q.._0A2ﬁ,0__2. 410_ 1778, 5,085
411 ST MARYS 0+490 310 0261 0.180 0.842 0o 420 4 .05 2.815 1.358

M AN S5e 067 0s442 0,207 0,100 19799 102.673 0241 3.861 2.893 542985

e — ST _DEY . . _TeQA6 __ D225 0-221___~D 0AS _ __22.880._120.192 0.220 1.290Q 14755 Ta518

MY NT MOM 0090  =0.030 0030 0.013 <=1,086  3:300 <-0:210  1s121 0852 ~11.977
MA X JMUM 32.910 0870 1.301 0,494 124,.,R98 598.700 0+800 10.098 11,108 I3.846
MEDIAN 2.45% 0+440 0.158 0.082 126753 63.400 0¢ 240 3« 393 24357 4. 087
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Table G A (cont'd). Data Used for Mdel Calibration

ID NAME CHLA ZSFC ALPH OOMN TPM QPM TNM
____ 296 BLONMINGTON 264 200 0.897 1065 0,200 0,050 0.020 5,730
T 297 CARLYLE 17400 0.564 24422 4.000 0.084 0.032 1270
301 CRADO OQRCHARD 59,900 0452 1.875 24000 0.082 0.013 0s200
302 DECATUR 43,000 0.518 1.914 0.500 04129 0.002 3.750

—— 399 LONG 490300 0,839 2,299 6,200 0,708  0.398 1,190
312 RACOON 19200 0399 3.587 14200 04106 Ce020 0s310
313 REND 23500 0.724 1,588 2,300 0.071 0.012 0.210
315 SHELBYVILLE 17.200 0,983 1173 1,000 0062 0.019 3+290
____317_SPRINGFIELD 13.000 Ce422 3,547 4,200 0,108 0.+ 059 3+270
I1RTSYOREY 174300 1.034 " 1,087 0,200 0,072 0.021 2.510
320 VERMILICN 31.200 0.470 24597 Q0 +600 0+109 0. 050 44700
322 WONDER 90.500 04356 1.953 74200 06426 0.132 0.890

.— 323 BASS 29,400 - 0,726 1,803 _8.000 0040 0,012  0e250 _
324 CATARACT 10.700 G.846 « 642 «0 0405 0.013 1.660
325 CROOKED 5.580 22083 0:S860 0.0 0.019 0,005 0,120
326 DALLAS 10.100 2.202 0.451 0.0 0.029 0.014 0830

—327 GEIST__ 462000 _ 0.699 _ 0:997 _ 3.400 0,074 0,009 1,080 _
328 HAMILTON 17.500 2.208 0.228 o 0 0,033 0. 018 0« 720
330 JAMES LAKE 11,500 1.676 C+645 0.0 0024 0.008 1.030
331 L JAMES 4.860 3. 749 0.297 Q.0 0.016 0.0058 0.190

——-232_LONG 16,100 1455 0658 040 0204 04150 14920 _
333 MARSH 34.500 1.237 064307 0«0 0.093 D, 055 0.270
334 MISSISSINEWA 15,800 0.676 14983 0.0 0.107 0.029 2400
335 MAXINKUCKEE 5.480 2.530 04492 0.0 0.020 0,003 0s220

——336_MONROE 6e950 1,554 0,859 0.0 0.,025_ 0007 Qe330
337 MORSE 56200 0.601 0s753 0,0 0.084 0. 009 34330
338 OLIN 4870 244586 0.530 0.100 0.012 0,003 1.460
339 AL IVER Je770 2.743 0.492 0.200 0. 009 0.004 04920

. 340 _PIGEON 1142001435 07068 0.0 0.058.. 0,015  l.oso
342 TI1PPECANOE 64050 2.756 Q0.0 0.0Q05 0,200
344 WAWASEE 5.000 3,842 0.332 0. 400 0 Ol? 0.003 0.210
345 wEBSTER 11500 1.783 0602 040 0.025 0.,008 Qe 790

e 326_WESTLER 100700 14852 0,575 0.0 0.035_  _0.013 _ 0.P60
347 WHITEHATER 33.100 0.757 1.200 0.0 0. 084 0,012 14620
348 WINONA 11.200 1 4405 0.846 0.0 0.035 C.011 1250
349 WI TMFR 11200 1516 0.738 0.0 0.035 0.011 0+200

——-133ATHOQR . 16.400 . 0.365 . 1s228__0¢300 0,031 0.005  0:20%
395 BERLIN ¢S50 0.879 1424 1.400 0.042 0.006 0,900
396 BUCKEYE 166 600 0254 0.937 G 360 0179 0.020 Ne380
397 CHARLES MILL 67,100 0.445 te722 G« 0Q 0.127 c.011 048865

. .398 DEFRCREEK. . 9¢A90___0.759 __1eBA9___1+100 04048 0,036 ___2,960.__

399 DELAWARE 10840 0.,404 3785 0« 500 0. 086 0.024 «34

400 DILLON 27400 0,475 2.673 0700 04163 ° 0,037 1+ 530
401 GRANT 400500 0.348 3.555 2800 06113 0.019 0+570

—-493-MQLIBAY 55040004881 0,221 Q.0 . Q.125 0,034 0.575
403 HOQVER 13.000 04945 1367 Q.200 0040 0.008 ts 540
406 MOSQUITQ CRE 364300 G.811 0794 3. 400 0,058 0.006 04150
400 PLEASANT HIL 22,900 1.097 0.826 0e 300 04036 0+010 0s455
809 _RDCKFORK 38.000_ 0.686 _ 128] 0,0 0,067 0,010 0,790

411 ST MAQYS 79.200 0.401 1.760 6. 800 0.148 0.014 0.200

WE AN 28.148 1187 1.327 1.2%5% 0.088 0.029 14301

e STD.DEY 304573 0.849__ 04937 _2e152  0e112___ 04060 1.268__
MI NI MUM Z.770 0254 0221 0.0 0.009 0002 04120
MA X1 MUM 186+ GO0 34749 3.785 8.000 0.704 0,398 54730
MEDI AN 17250 0.881 1076 0+200 0,060 0.012 0. 899
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Table G B

296
297
301
302
312
317
320
347
395
396
397
399
401
408
411

ID NAMEH
Bloomington
Carlyle
Crab Orchard
Decatur
Racoon
Springfield
Vermilion
Whitewater
Berlin
Buckeye
Charles Mill
Delaware
Grant
Pleasant Hil
St Marys
Mean
Std Dev
Minimuam
Maximum

Sedi mi nentati on

ST
12.860
14.500
10.180
19.270

4.444
7.180
23.300
32.570
71.030
3.020
12.390
13.610
13.190
16.520
6.000
17.338
16.675
3.020
71.030

Data Used for
LS P
13.512 2.170
15.685 3.000
10.369 2.820
28.716 9.150
4.771 1.170
7.400 1l.700
37.006 10.200
34.412 3.280
76.735 5.870
3.089 0.510
15.703 5.560
16.787 12.490
16.085 8.510
19.051 3.510
6.055 0.490
20.292 4,695
18.415 3.783
3.089  0.490
75.735 12.490

Lp!'
3.251
4.255
3.650

11.447
1.552
2.292

13.160
6.033

11.929
0.757
6.816

13.833
9.797
5.034
0.974
6.319
4.585
0.757

13.833

RP
0.310
0.390
0.780
0.260
0.280
0.250
0.330
0.640
0.760
0.100
0.170
0.420
0.150
0.210
0.310
0.357
0.211
0.100
0.780

Phosphorus Retention Mde

RE"
0.53¢9
0.570
0.830
0.409
0.457
0.444
0.481
0.804
0.882
0.394
0.323
0.746
0.262
0.449
0.653
0.531
0.185
0.262
0.882

Calibration
up up!
7.746 20.193
9.590 19.875
13.464 18.541
16.396 32.230
2.333 5.052
2.778 6.647
27.582 51.841
31.453 72.702
69.895 164.820
0.330 1.928
6.331 14.745
37.931 47.642
5.004 10.049
13.291 40.772
0.842 3.529
16.331 34.038
18.768 41.646
0.330 1.928
69.895 164.820
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Table C-C. Data Used for Mddel Testing

10 NAME STATE TROPHIC TYPE LATI LONG AS AD z 7MAX T, Qs
295 BALDWIN TLE EUTR RES 38,220 A9.870 8.,000 4,6 3.100 12,200 7.900 04392
299 CHARLESTON L EUTR RES 39,470 88,150 1450 203a,0 0900 1+500 0,003 300,0C0
308 HORSEHOE e EUTR RES 38.700 90 080 f.780 74.3 2100 -1.000 1,150 1.826

— -310_LOV __YAEGER (AN EUTR nf.i._.;Sg ZQQ -600_5 720 _274.0__ 2+300 6700 . 0330__10.000_ ___
314 SANGCHRIS fLL EUTR RFS 50 70 10.930 1779 4,000 10.000 14200 2,333
316 SLOCUM L EUTR NAT .260 88.190 0.870 21.7 1.200 1.500 04330 3,636
321 WEEMATUK [{B1 EUTR RES 40.530 904150 24380 4741 1.800 64100 04450 4,000

—..2341 SYLVAN 1ND EUTR_____ RES 41480 05,370 2+ 559 04,9 44300 _11.000Q 0,440 Q4273
394 BEACH CITY oHiD EUTR RES 40,630 8t.500 1,700 775.0 1.200 3,000 0,008 146,341
407 OSHAUGHNESSY OHIO EUTR RES 40,160 83,120 3,350 2532,0 4,800 15.500 0025 192.000
410 SHAWNEE CHIQ EUTR NAT 39,650 B83.780 Ce770 2742 2.500 74600 0,200 12.500
L49%4 _AHQUAQY ____ __ _ 1OwaA ~EuIR RES. 414280 __93.520 __0.530_____12.3.___2.000___6.600__ 0720 4+167__
"495 BIG CREEK JOWA EUTR RES 41.800 93.750 34440 20062 Ge700 154500 0.740 9,054
496 BL ACKHAWK 1OWA EUTR NAT 42,300 95,040 3.720 56,6 1,700 3.700 0e740 2.297
500 MACBRIDE 10WA EUTR RFS 41,810 91.550 3.840 €641 7300 14,200 24+200 3,318
501 _PRARIE_ROSE JOWA FUTR RE 5___AJJ_QQ__953239-_0LBBQ____lqvi___&DJQQ Be100 12200 2750 .
503" REH ROCK 1OWA EUTR RES A1.420 93,070 36.220 31880.0 3.000 10.700 0,027 111,111
504 ROCK CREEK IOWA EUTR RES 414750 92.850 2.600 104.6 2.700 6 +700 0.390 6923
507 VI KING IOWA EUTR RES 40.980 95,0730 04510 Qa7 5800 12.500 1.600 3,625

-. -DOS_SiiVFER TO0WA _ EUIR._ .. _NAT 43,480 93,420 14290 6.9 . 1,200 __ 1.800_____1.200 __1.000

ME AN 40817 90.139 4,381 1920.4 34195 7+ 695 1.043 41,402
STD DEV 1,356 4,123 7.910 7085,6 1.832 4.9a1 1.719 81,732
—— MI NI MM 38,220 081,500 0.530 406 04200 -=1.000 . _0.003 04392
Ma X1 MUM 43,480 95.200 3364220 31880.0 7.300 15,500 7900 300.000
MEDIAN 414130 90.115 24575 70.2 3,000 T+150 0.585 4,083
Table CC (cont'd). Data Used for Mdel Testing
ID NAME LP RP clpP cae upP LN ]RN CIN CON UN
295 _BALDWIN_ _Qc5§Q___0.28Q__“LLa_&“ “94010 12228 __ 7100 0930 18,094 14267 S5a.213
259 CHARLFSTON  §24510 =0.030 0175 0e1 -84 7382383, 000 0170 7.943 6.593 Al 446
308 HNRSEHNE 0.510 04160 0.279 o.=35 0.348 3.500 -1.670 1.917 G117 =1,142
310 LOU YAEGER 3.150 0110 0315 0. 280 1236 46.600 04350 44660 3,029 Se385
—318_SANGCHRIS .0.e2380 0,400 Q214 Q. 068 2.222 _23.100 04490 £+930 A«534 _ 3,203
316 SLOCUM 11.180 0.600 3,075 1.230 5.455 31.800 04330 Re 785 5,859 1.791
321 WEEMATUK 0.610 0e530 0.152 0, Q72 4.511 24,600 0¢ 3250 6+150 3,998 24154
341 SYLVAN 16260 =~0.060 0.129 04137 —~0.553 44,600 0e 410 44 564 24693 6e791
324 BEACH CITY 27+ 150 QelZ0Q . Qxlﬁﬁ___ﬂ-151__2Q.Q?&_506.700_. 0s.120 12462 3.091__19;956
407 OSHAUGHNESSY 70.730 0+350 +268 0239 103,385 986.700 0.0 5.139 5,139 0
410 SHAWNEE 0.600 ~0+200 o.oae 0,058 ~2.083 49,500 0. 200 3.960 3.168 3. 125
494 AHQUARTL 1. 020 0.670 0.245 0.0R1 8,460 21.400 0.620 S4136 149852 6.798
—. 4385 _PAlLG CREEX __ 2-2?0 e QeZ80 0,251 04065 __2S5: 762 107300 __0.450__11,851 6s518 7408
496 DL ACKHAWK 04550 04200 0,239 0,192 0.574 21.600 0700 Q. 402 2.821 54360
500 MACRRIDE 0.670 0,720 0,202 0.057 6-532 16.900 04560 5.093 2,241 4,223
gg; PRAR;ECRGSE 0.720 0.;:8 0.26; « 068 7.827 164000 0. 670 5.018 1+920 8,583
RED_ROCK . 68.960_____ 0o De62 _.___0_-242 173,789 830, QQQ~_0LZ§.Q~_ZLA_ZQ_.S.SZUQLQBQ_.____.
504 RDCK CREEK 3.12 0.820 0,451 0.+ 001 31,538 35500 0240 54128 3.897 2186
507 VIKING 0.490 0430 04135 04077 2.735 7.200 0« 360 1,986 1.271 24,039
505 SILVER 0.240 0.380 0.240 0.149 0.613 34900 <-0.100 3.900 4¢290 -0.091
ME AN 12.335 0416 0.44R 0.185 20.741 258. 349 0s272 6-367 3,694 9,023
STD DEV 234357 043285 0. 688 o 257 43,265 575.196 0519 2,649 1655 15,198
MI NI MUM 0¢240 =0.200 0.048 30 =-B8.738 3.500 ~1.670 1717 1267 1,142
MA XTI VUM 70730 O.QBQ“__ieQZE___1.21Q_L13.7BQ2333.QQQ__uQ.*JQ 18,094 ﬁ,ﬁal_“ﬁllﬁﬂhh_____

MEDIAN 0«B870 0.415 0. 242 0.109 44983 28.200 04350 Se138 3.351 4,718
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Table C-C (Cont'd), Data Used for Model Testing
1D NAME CHLA ZSEC ALPH DOMN TPH aPMm TNM
295 SALDWIN —_.11. 300 06986 1345 1800 0,044 0,007 0,140
209 cHARLESYON 12,000 0236 b.667 6. 600 0160 0. 068 4,600
308 HORSEHOE 1824300 0.437 0.0 B¢200 0e127 0.018 0.705
310 LOU YAEGER 10.700 0e264 54963 34600 0.186 0.076 14600
_ 314 SANGCHRIS 19300 04625 24078 _0.500 0eQ50 0002 1,970
316 SLOCUM 221.100 0.323 0.0 9,20 04805 0.7302 04200
321 WEEMATUK B.000 0.,A56 1.699 0. 500 0.069 0.011 1.770
341 SYLVAN 47.500 04767 04739 0.200 0170 04017 04130
294 BEACH CITY 106870 0,279 5,615 _ 4.000 0el22 0,015 1.990_
G007 T0OSHAUGHNESSY  ~ 5.5530 0,526 2962 0,100 0.208 0.159 3,070
410 SHAWNEE 39,400 04653 1.355% 0.0 0.069 €. 009 2. 380
494 AHQUAB1 8. 600 0,780 1.871 64800 0.062 0.009 0,336
_ 495 _B1G6_CREEK_____ 16.900 _~__l 562__0-‘-56._"-__012(10 ,_0- OA!L__ 0. 011 Ged7Q.
4967 BL ACKHAWK 49,700 04300 4,047 18§ 0.020 0.130
500 MACHRIDE 17.100 140487 1,058 0.0 0-061 0,010 2,040
501 PRARITE PQSF 17.400 0.922 1.278 6.400 0. 056 0,010 0.210
.503 RED_ROCK 14.700 ._QOQZQ__"ELQIQ~_ 1000  Qe180__ 0+104__ 1,880
504 ROER CREEK te. 00 Oe4 24799 64600 0,065 0,007 1.400
507 VIKING 264000 1.041 0.B14 04800 04075 0017 04130
505 SULVER 95,300 04439 0.919 5.000 0.193 0.034 0.570
ME AN al.614 0.661 241901 3.075 Ost1a7 0. 046 1. 586
STD DEV 58.945 0.382 l.zso 3,216 0e166 0,072 1.656
MINTMUM S.520 0.236 0. 0.0 0+044 0s307 0.130
MA XT NUM 221, lon_mquﬁ? 52667 24200 Q+8Q8 Qe302 62470
MEDT AN 17,250 39 1.527 1.400 0,098 0,017 1.500



Appendi x D

Water Quality Impact Results:
Addi tional Interpretations and Sensitivity Analysis

| ntroduction

In Section 5 of this report, the application of the watershed and
i mpoundment water quality nodels is discussed. The purposes of
this appendix are (1) to present the details of the water quality inpact
results; (2) to present sone supplementary interpretations of these
results; and (3) to present some prelimnary results of a sensitivity

anal ysis applied to the watershed/ water body nodel framework .

Water Quality Inpact Results

The wat ershed and i nmpoundment model s have been applied to assess the
water quality inpacts of each of 11 agricultural practices on each of
three field/soil types characteristic of the Black Creek \Watershed,

I ndi ana. For each practice/field/soil type conbination, the analytica
framework has been applied to a honbgeneous watershed of 200 km2 drai ni ng
into an inpoundnent with a surface area of 5 km2 and a mean depth of 4
meters. Table D1 identifies some of the key variables used to depict
the water quality inmpact results. These results are presented in Tables

D2, D3 and D4 for the low and, ridge, and upland soil types, respectively.
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TABLE D-1. DEFIN TIONS OF VAR ABLES IN TABLE D-2 to D-4

Number Definition® Units
1 Runoff rate m/yr
2 Gross erosion kg/m?~yr
3 Sediment delivered to impoundment kg/mz—yr
4 Sediment trapped in impoundment kg/mz—yr
5 River nitrogen concentration g/m3
) River phosphorus concentration g/m3
7 River sediment concentratiocn kg/m3
8 River light extinction coefficient m
9 Soluble phosphorus loading g/mz—yr
10 Snowmelt (crop residue) phosphorus loading g/mz—yr
11 Available particulate phosphorus loading g/mz—yr
12 Total phosphorus loading g/mz—yr
13 Impoundment outflow nitrogen concentration g/m3
14 Impoundment outflow phosphorus concentration g/m3
15 Impoundment outflow sediment concentration kg/m3
16 Impoundment light extinction due to sediment -
m
17 Impoundment light extinction due to color -
m
18 Impoundment light extinction due to algae -
m
19 Total impoundment light extinctionb -1
20 Secchi disc transparencyb
21 Annual average impoundment light extinction
coefficient m !
22 Nitrogen resistance to algal growthb (g-Chl-a/m3) !
23 Phosphorus resistance to algal growthb (g-Chl-a/m%) !
24 Light resistance to algal growthb (g—Chl—a/ms)_1
25 Total resistance to algal growthb (g-Chl~-a/m3) !
26 Chlorophyll-a concentrationb g-Chl—a/m3
27

a - Annual average values unless otherwise noted.

b - Summer average values.
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TABLE D-2.

WATER QUALITY

RESPONSE TO PRACTI CES FOR LOALAND SO L

PRACTICE: 2 k] 4 g € 7 & 3 1¢ 11
* Yariable 1CC—CV__1CC~-CH ___1CC=NT_ _1C8-CV_ 1CB-CF_ 1C3=AT 1CBwH___ 1CBwr-NT1CC~CVT 1CC~CHY 1CB-NTT
1 0e173 0.178 0.178 O0el178 Cl.178 Co.178 0eia2 0.142 Cel178 Cel7E 06178
2 0,762 04345 0e 200 C.780 0e&2€ Ce327 0s123 0.C78 GeSal _ CeZ24S_  0.232
3 44557 24322 1.373 S.C7C Z.9C4¢ 2.,2¢8 C.B61 0eSE 34574 1.672 1.587
4 4.763 _ 2.228 18316 84871  2.787 __ €ell1S__ _CeE25  0.527  _ 3.431 1.€C2 _ _1.521
5 11.076 11,076 164272 7.83¢ 7¢33€ Ss6E0 S.592 S.7G6€ 104248 104248 94240
6 0.186 04186 __ D.214 __0e185  Cel7S  Ca20l _0ela1 04145 _ 04167 Cal75 0elG4_
7 0456 0232 C.137 0507 C.26C Ce221 0.C86 0,085 G357 Celé&? 0,159
8 474477 2£6.002 204507 47.224 306411  2€¢335 124557 104535 35,6287 20.678_ 21.415
9 1.108 14175 1,333 1+CS2 1.138 1,264 1+C45 1.059 14120 1.185 1.280
10 _0.0  0.214 _ 2.500 0.0 = 5.20C  Ce3€C _ GCe224 _ _0.252 Cs0 €332 04384
11 0.750 03273 0e251 0s 757 0e4c1 Ce3E3 Celba 0.067 0eS47 Ue271 U278
12 1.85€ 1.861 20144 1846 1.7SC 2,007 14413 16648 1,667 14752 14942
13 Se443 5,443 5.664 4,422 AeQ3Z E.032 2,552 3,640 S4208 c.z2C8 44901
14 0,093 0,115 0144 0+092 Qs1Q¢€ Cs 1268 0eC3S 0.104 0+0G63_  _0al17 00128
15 0+C19 €009 0.00¢€ 0.C20 0.012 s 0CS 0.004 0.0C2 0.014 0.CO7 0,007
16 0551 0265 _ 04163 04563 0332 Ce286 00108 __ 04067 0,404 CalS6  CelB7
17 0.520 0.€19 Ue852 0+496 CeB5E7 Ce 74C 0506 0871 0536 0e€30 0e773
18 _ 04663 04770 __Ce861 ___ 0.648 0e718 Cs 788 06699 06722 0671 _ 04780 _ 06799
19 1,773 1.€88 1.526 1.75¢C 1.648 1,224 1.352 1369 1,652 1.€4¢ 1.799
20 0936 0eG83  Qe862 0eS4E 1.0C7 CseG1C 1.228 1,166 1,005 _1.C08 04923
21 3,252 2.€76 2,118 3,22¢€ 2.7CS 3,028 1.879 1,953 24862 24520 24920
22 3.CE6 3,086 __ 2,529 30790 2,756 3,338 44729 44615 3.225  ___2e2ES 3.427
23 26661 214426 17.049 264997 Z22.45C 15633 2445432 23,627 264673 214037 19.232
24 15532 144475 154256 15480 144531 15,1032 134231 13,337 14795 14214 144904
25 4€e27S 384586 344835 464267 A41.771 3R.CT4 482,502 41457G 444697 3284476 327,563
26 _ 0022 = Qe0RF_ U025 . _0.022 C«Q0Z4 Cs C2€ 0.023 Qe 024 06022 __0.626 0027
27 2243C4 22.£75 £ekRC 24 435C 24,604 164645 144451 134515 19.064 19625 13,049

*

See Table D-1 for Variable Definitions.
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PRACTICE: 1

*Variable2CC-CV 2gc-gn 2cc-37 2CQ;EM__zwp:zt__g_g:gl__g;gm;N__gg;ﬁg;N 2cc—cy]_ggaégrl_g__;hwr
1 0+064 0.C42 0401% 0.064  UeGSZ  Ce019 ©04C22  Da013 CeC6& 0aCa2 G401
2 24049 _ Q.%27  0.537 _ 2.062 1e171 Cs87E 04332 02210 _ 14455 GeESL8 0623
3 114065 54360 24262 11,3C7 €631 S41€3 2,102 14275  E.C84 34527  2.739
4 106729 _S5.181_ 3,145 10.5€4 €41 44631 _ 2.C22 _1.321  7.528 3e7ES_ 3.607_
E 184460 18,460 214980 13,060 13.06C 184740 Ba700 8.700 17.080 17060 144040
6 _ 0133 0,131 0.157 _ 9.132€ CelZE  _Cel3S  C.0R9 _ 0.CB4 _ G118 _ CelZl 0,132
7 1.107 0.536 0.326 141321 D.EE3 CaS1C  0eZIC 04132  C.,808 C€.3$3 D.374
8 25223 46,748 29,035 97,175 570313 44,4126 18,685 _ 124338 704005 244765 324759
9 Ce408 0,493  C.387  C.4C1 D267 Ce3E62 €330 04358 C,421 Ce4l6  D.368

10 0.0 02146 _ 04628 D40 0s2C8__ Te2E0___ _Co226 __D.2€4 Col _ ___Ce322 04428
11 04967 04590 045352  0.G5€ Us6EE CoeB72  0a28G 34282 0734  0etE2 04526
12 10376 14306 14568 1.355 1,246 _ 1,3G4 __ Ce893 _ 0a844_ 1.175__1.210 _ 1.323
13 7.080 7,030 74662 54656 84356 €e343 4,727 44727 €.623  €.E23  6.186
14 0046 0,663 04089 04045 _ 0055 Co06S 04055 _ 0eG56 _ Ce047__Ge065 0,073
15 0.034  0.C18 C€.012 C.C34 CeD22  Co017  C.00% 2.0C5 £,026 04018 0,013
16 04953 0,510 _0.333  2.971  2.612 __ C.48G  C.226 _ 0.154  $.725__ C.3SC__ 04374 _
17 0s111 0.112 Ue124 0e106  0.0%C CaC76 04076 0.06C 04123  0.126 04092
18 02810 D567 0,706 94358 Ces%} CoS77  0et95__ CeB00 _ 0+423 __ 0.5S5G 0,603
19 1,514 14205 1.202 1.510 1e222 1.1281 CeE37  Ca.7S4 1e312 14116 1,109
20 14067 1378 _ 14390 1.100 1435E 1.4CE 14582 24201 1.206__ 1.4B8 1,496
21 2,232 1.60€6 1,411 I, z54 241432 " 1,733 0.948 0,6B2 24535 14586  1.439
22 22372 24372 __ 24191 _Z+8B20___ _2,°2C_ ___ _2.€48 J.5523 30583 24401 ___ 24461 2715
23 554368 30,643 27.732 57.010 4S.BE4 2£,356 45.052 444,686 E4.0637 ZEe250 34,412
24 _15.4S5)1 17,26S  12.595 15,536  13.61C 132,025 12,023 11,718 14,321 12.830 12.632
25 724231 55,284 42,518 75,365 624323 52,032 60.628 59,659 7C.870 53.€41 454755
26 0,014 0.01R____C.028 _ £60}3 0e01€ __ CeClS ___0+016__ 0s017__ 04014 __ 0.C1S 0020
27 23,562 24,133 204051 ZS.¢E18 2R.C7Z 254124 174120 17.2€7 20.322 £Ce852 21.534
*

TABLE D-3.

WATER QUALI TY RESPONSE TO PRACTI CES FOR RIDGE SO L

See Table D-1 for Variable Definitions.
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TABLE D-4.

WATER QUALI TY RESPONSE TO PRACTI CES FOR UPLAND SO L

PRACTICE: 1 2 3 4 S € 7 ] 9 1¢ 11

*Variable —3CC=CV 3CC-CH 3CC-NT 3CB=CV 3CB-Ct 3CB~NT _3CBwH ICEWF=-NT2CC-CVT _3CC-ChT 3CB=NTT
1 Cet27 0.105 C.083 0.127 CelCE CeCEZ CeC7& CeC72 Cel27 CalCS 0,583
25953 _2.693 1.539 _ 6.0S€ Z.4GZ 24881 CaSE4 G. €05 44227 1.612 1811
3 33,927 15.867 G430 3447C1 15.83¢ 154CE€S 545332 1,885 24,626 11,647 10,373
4 _32.775._15.215 96091 33,522 16155 14.543 .71 ,732€ 22,891 11441 104487
5 12.5€0 12.560 154630 9.472 Sed7Z 1Ce4EC €s.512 6+832 114456 114456 9.936
6__0e0%5 __ (0eC93 D.147 0088 ___Ce08S __0s12S _Ce071_ 0,077 0.078 _0,061 __0e116__
7 3,393 1.587 De943 3,470 1e9€4 1.507 0.£98 0,289 24443 1,148 1.087
8290.060 136,555 82651 296e5G8 176137 12S4G6G1_ 524211 __ 34,620 _20S5.338_ S5.103  94.442
9 0.725 0e363 Ge516 04207 Ce322 Cet27 04356 0,409 0+326 0.3€8 0.429
10 __0.0 04256 Ce836 240 CelB2_ Ce32C.__ 04185__ o220 _ 0sC.__ _ _Ce27C _ Co340 _
11 o.625 04375 Dea72 0.578 0s 362 GeS42 0,162 Jel37 Cea52 0.272 Ce 39S
12 _ _c.Ge5¢ 0.693 1. 472 0. €23 CsBEE 162G6C ___Ca73Z2 . _0s766 _ 0e778___ 0,507 1164
13 sg.823 5.833 54526 4,974 6,574 €.275 3.625 4,061 5.547 54847 5e115
14 __ 0,013 0,025 _ 0.054 04012 _0s0EC Ce €35 0033 06082 __ 0014 _ _CoC2C_ 0,040 _
15 o0.11¢ 0.U58 0«034 0.117 Ce GEE Ce 053 Osuz2 0.015 Oeus4 G.041 0.039
16 __3.252  1.565__ 0959 _ 2.324_ 14937 _ 14461 0.628 9,421  2.366 _1,18C _1.095
17 , 0e159 0166 de241 0148 Qelac Ce1E3 0.126 O.153 £.164 Ce173 0.194
18 : 04105 0e237_  _Ue85S  _0s0S%4 __ 06175 Co2C9 04307 __ 0373 0123 04275 0+351
19 3.5856 24008 1.699 2. 606 2.2G€ 2.022 1.104 .53 2.693 1.6328 1.680
20 __0.467 0827 04977 0446C De72Z CeB21 1503 1,672 Ceb16 1.C13 04988
21 10.274 5,233 34639 10.45€ 6e283 S 061 2.311 1.762 74630 4,008 3,903
22 2,679 2.879 2.573 3.377 2.377 3,188 6.269__ 44137 3.028 3.02€ 3,283
23 2334870 102.567 45432 266.661 142.02C 744052 7Ge481 614634 ZCEe4tE BELTIE £5427F
24_50.000 20.730 16.331 50.000 25¢2G1 2Ce144 12,877 13,0656 24833 17,172 16,939
25 286.749 126.577 Se235 21B.C27 171+SGE $7.3E0 G7.587 T9.137 2444356 108,627 85.501
26_ 0,007 0.008 0.015 Qe 0006 CeB1C __CoC10 9,012  CeCCa __ CeCCG . ___0e012.
27 124838 13,62¢ 64955 17.63S 13.713F 124157 £.852 3.823 $.533 10418¢ Bs552

*

See Table D-1 for Variable Definitions.



Addi tional Interpretations

In Section 2 the primary inplications of the results are discussed.
O particular interest is the apparent attenuation of the effects of
erosion control on water quality, as the analysis noves downstream from
the river into the inmpoundment and when conponents other than sedi nent
are considered. A possible conflict between the water quality manage-
ment goals of controlling both sedinentation and eutrophication using
these types of practices has also been discussed in Section 2. Additiona
interpretations of the inpacts of the various practices and soil types

on eutrophication can be derived fromFigs. D1, D2, and D3.

In Fig. D1, the three components of phosphorus |oading (avail able
particulate, soluble, and crop residue) are depicted for each soil type
and practice. The inportance of residue phosphorus |eached by snownel t
is apparent in the practices involving reduced tillage, despite the fact
that |eaching of only 1 percent of the avail able residue phosphorus has
been assuned. As noted in Appendix B, | aboratory studies suggest that
one freezing-thaw ng-leaching cycle could release from5 to 28 percent
of the phosphorus in various crop residues. The inportance of the soluble
phosphorus conmponent is apparent in the relatively flat, phosphorus-rich
low and soils. In general, inpacts of the various practices on avail -
abl e phosphorus | oadings are considerably different (in nagnitude

and often in sign) fromthe inpacts on soil |oss.

The conponents of the nmean summer |ight extinction coefficients in
the inpoundnent are displayed for the different practices and soil types
in Fig. D-2. Extinction coefficients are inversely proportional to Secch
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disc transparencies, which are noted on the right-hand scales of Fig. D2
Di ssol ved color and algae are primarily responsible for light extinction
in the case of the flat, poorly-drained, Iowand soils, which are also
relatively high in phosphorus and organic matter. For the relatively
erodi bl e and phosphorus-deficient upland soils, turbidity (attributed

to non-al gal suspended solids) is primarily responsible for |ight
extinction. Erosion controls cause substantial (up to 4-fold) increases
in water transparency only in the upland soil case. |In the other cases,
algal growh and color tend to reduce the relative inpacts of erosion

control s on transparency.

Fig. D2 depicts the limting effects of light, phosphorus, and
nitrogen on inmpoundnment algal growh for each soil type and practice.
According to the nodel used to predict chlorophyll-a concentrations, the
total resistance to algal growh is conputed as the sum of the resistances
attributed to light, phosphorus, and nitrogen. The inverse of this sumis
a neasure of the potential chlorophyll-a concentration, as depicted on
the right-hand scales of Fig. D-3. In general, phosphorus is the nost
i nportant controlling factor in all cases exam ned, while nitrogen is
generally insignificant. The relatively high degree of phosphorus re-
sistance in the upland soil cases reflect the effects of (1) the | ow
phosphorus contents of those soils and (2) their relatively high erosion
rates, which tend to increase the phosphorus trapping efficiency of the
i npoundnent because of the influence of sedinmentation on phosphorus

settling velocity (see Appendix C ). In the upland soils, erosion

controls generally cause |ess resistance to downstream algal growth both
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with regard to phosphorus and to light. In the cases of |ow and and

ridge soils, however, chlorophyll-a levels are not influenced

substantially by the practices exam ned

These results indicate the relative inpacts of these agricultura
practices on inmpoundrment eutrophication are small, except in the
extreme upland soil case, in which a 10-fold decrease in soil loss results
in a 4-fold increase in algal bionmass (conmparing practices CB-CV and CBWH NT)
These conclusions primarily result fromthe followi ng factors:
(1) a generally small fraction (5 to 10) of the particul ate phos-
phorus in soils is biologically available (acid extractable);
(2) reduced tillage alternatives create a potential for |eaching
of phosphorus from crop residues during snownelt periods and
cause enrichment in surface soil phosphorus |evels;
(3) t he phosphorus trapping efficiency of an inpoundnent appears
to be a strong positive function of sedinmentation rate; and
(4) algal growth is sensitive to available light and is therefore
stimulated by reductions in anbient turbidity |evels.
An inproved picture of the effects of erosion controls and other agri-
cultural practices on inpoundnent eutrophication could be derived by
obtaining more accurate, quantitative definitions of the above relation-
ships through additional data conpilation and analysis. Interpretation
of the water quality effects of eutrophication could be enhanced by
expandi ng the inpoundnent nodel to permt direct estimation of dissolved
oxygen levels, as influenced by external and internal sources of oxygen

demand.
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Sensitivity analysis

One of the advantages of utilizing a framework of relatively sinple
nodel s for evaluating water quality inpacts is that it facilitates sen-
sitivity and error analyses. These help to identify key structural or

parametric assunptions, as well as guide further nodel devel opnent

by indicating the nost fruitful areas for investment of additional data
collection and analytical resources. For a given total investnent, the
"most fruitful" area for further work would be that which results in the
greatest degree of inprovenent in the accuracy of the nodel or node
framework. Specific strategies for inplenenting sensitivity and error
anal yses have been discussed in detail by Thomas (1965) and Wl ker (1977).
As nmodel conplexity increases, the size, expense of inplenentation, and

increasing effects of data errors tend to reduce both the feasibility

and the benefits of performing these types of anal yses.

Relatively crude, initial applications of these methods to the water
qual ity nodel framework devel oped and applied in this project are des-
cribed below. They denonstrate the feasibility and benefits of conducting
sensitivity and error analyses within our nodel framework. This neans
that they indicate those conmponents within the nodel framework which are
nost inportant to evaluating both the absolute and the relative inpacts

of these agricultural practices on water quality.

At a basic level, a marginal sensitivity analysis would involve
eval uating and ranking the first partial derivatives of the predicted

variables with respect to the parameter estimates:
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wher e, Sijk = sensitivity coefficient for predicted variable i,
case j, and paraneter k
%k — nominal value of parameter k
v.. = nominal value of predicted variable i for case j
1]

Defined in this way, a sensitivity coefficient equals the percent increase
inthe predicted variable resulting froma 1 percent increase in a given
paraneter value. Wile these derivatives can be evaluated analytically

for sinple nodels, finite-difference methods are usually easier to inplenent
if the nodel is conputerized. For a given case (e.g., soil type/
agricultural practice conbination) and variable, the paraneters can be
ranked according to decreasing absol ute values of the sensitivity co-
efficients. This provides a prelimnary indication of which paraneters

or processes are nost inmportant in determining the prediction

This strategy has been inplenented for a total of 12 predicted
variables, 33 cases (3 soil types x 11 practices), and 38 paraneters.
The paraneters, which characterize the various processes represented in
the watershed and inpoundment nodels, are listed in Table D-5 along with
their nominal values and equation references. To illustrate the method-
ology, results are presented and discussed below for 2 predicted

vari abl es and 9 cases (3 soil types x 3 practices).

The ranked sensitivity coefficients for the five nost critica
paraneters in each case are presented in Tables D6 and D-7 for predictions

of inpoundment |ight extinction coefficients and chlorophyll-a levels
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TABLE D-5. PARAMETERS INCLUDED IN SENSITIVITY ANALYSIS

Watershed Model (Appendix B) Impoundment Model (Appendix C)
Symbol Value Equation Symbol Value Equation
R 160 (1) K.S clay 50 (3)
K1 .50 (3) silt 120
X2 20. (4) sand 8000
K3 2. (6) ag .377 (11)
dCL 1.67 (7) al -.779 (11)
dgy 1.00 (8) az .222 (11)
dsa .33 (9) a3 0.0 (11)
Xy .34 (10) ay 1.201 (11)
Kg .20 (11) c, .223 (23)
g .25 (13) ¢y -.445 (23)
q_; .égz (14) co .351 (23)
:127 * Cy .862 ‘ (23)
Xe 2.0 (17) 4 0-0 (23)
%) .03 (23) Ew .04 (27)
yp i.g * (24) kg .085 (28)
:50 kg 30. (29)
X o1 (26) Ke 6.0 (33)
L D 38
.6 Ky, .44 (51)
Kg .5 (31) £y 1.363 (65)
Yo 10. (33) ip 1.866 (65)
£ 1.866 (65)

* Parameter values for lowland, ridge, and upland soils, respectively.
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TABLE D-6. EXTINCTION COEFFICIENT SENSITIVITIES*

Practice
Soil Type Rank (1 CC~-CV) (5 CB-CH) (7 CBWM)
Param. Sens. Param. Sens. Param. Sens.
©
Lowland 1 ch .55 ch .49 qr .51
2 q_i_ .37 qi .43 F. -.42
—_ - ]
3 K5 .31 {c .31 kB .36
4 K, 29 kB .28 Yc -.35
5 k .28 £ -.24 q -.31
S P
Ridge 1 F -.67 P -.55 k .47
cs cs B
2 Ks -.66 Ks -.53 fP --44
. . F -.
3 K& 63 Kl+ 50 cs 35
4 k .61 k .48 X5 -.35
s S
5 ay -.46 ay -.46 ay -.33
Upland 1 Kg -.95 F -.88 P -.67
cs cs
2 F -.95 Kg -.85 k .57
cs s
3 k .91 k .83 K -.54
s s 5
4 Ky .91 Ky .80 Ky .51
5 R .84 R .73 R .43

* A sensitivity coefficient represents the percent increase in the
predicted value resulting from a 1 percent increase in the res-
pective parameter.
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respectively. For the extinction coefficients, Tables D-6 indicates the

importance of the assumed ratio of summer-average to mean-annual

TABLE D-7. CHLOROPHYLL-A SENSITIVITIES ¥

Practice
Soil Type Rank 1 {(Ccc-cv) 5 (C3-CH) 7 (CBWM)

Param. Sens. Param. Sens. Param. Sens.
Lowland 1 ay -.75 £ -.56 £ ~.58

p p
2 £ -.59 a -.50 -.39

P # p
3 ai .54 X .46 K. .37

L E)
4 KE .48 aj .42 q -.37
5 £ -.34 £ -.35 a .32

L L 1
Ridge 1 ay -1.68 ay -1.17 fP -.74
2 az .96 aj .77 a, =.57
3 £ -.75 £ -.73 aj .52

P b
4 a -.53 a -.43 g -.31
o o}

5 KL .30 EL .27 a_ -.29
Upland 1 ay -3.83 ay -2.81 ay -1.25
2 aj 1.61 aj 1.36 aj .86
3 a -.89 £ -.83 £ -.81

o p P
4 £ ~.81 a -.75 a ~.48

b o o
5 X5 .32 K5 .56 CD .26

* A sensitivity coefficient represents the percent increase in the
predicted value resulting from a 1 percent increase in the res-
pective parameter.
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suspended solids and color concentrations (F_.), delivery ratio paraneters
(K5 and K4) and the slope of the extinction coefficient versus suspended

solids concentration (k Sensitivity rankings vary somewhat with soi

s)-
type and practice. For exanple qg and y_ appear to be inportant only in
the lowand soil, which has a relatively high color contribution. The
chl orophyl I -a sensitivity rankings suggestion the inportance of the

phosphorus trapping paraneters (a,, a,, a,) and the paraneters of the biomass

1
model (fP, KL'fL)' The listing of only five parameter sensitivity co-
efficients for each case does not inply that the remaining should be

ignored, but serves here as an illustration.

A nodi fication of the above procedure has been inplenented by
estimating the sensitivities of the relative magnitudes of the predicted
variables to the assumed paraneter values. Relative sensitivity

coefficients are of the form

R
Sijk = Bk 5Yij _ i{- GYio
Yij aek Y. sek
= Gln(Yij/Yio)
§ 1In Gk

The rel ative magni tude of any predicted variable is defined as Yij/Yio’ t he
ratio of the value for a given case to the value for an assumed base case

A sensitivity coefficient evaluated as prescribed above represents the
percent increase in that ratio resulting froma 1 percent increase in a
given parameter value. When the nodel franework is being used to

conpare practices, these relative sensitivity coefficients are perhaps
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more important to consider than are the absolute versions. Parameters
have been ranked according to this scheme using practice 1 (continuous

corn with conventional tillage) as a base case for each soil type.

Results are presented in Tables D-8 and D-9 for predictions of extinction

coefficients and chlorophyll-a levels, respectively. In comparing these

TABLE D-8. EXTINCTION COEFFICIENT SENSITIVITY* RELATIVE TO PRACTICE 1

Practice
Scoil Type Rank 5 (CB-CH) 7 (CBWM)
Parameter Sensitivity |Parameter Sensitivity
Lowland 1 KS 11 K5 .22
2 K -.10 K -.21
4 "
3 k -.10 k -.21
s s
4 R -.10 R ~-.18
5 dCL -.09 dCL -.18
Ridge 1 X .13 k -.35
5 S
2 k -.13 F .33
S cs
3 F .13 K .31
cs 5
4 X -.12 X -.30
4 4
5 R -.12 kB .26
Upland 1 R -.11 K5 .41
2 Ks .11 R -.41
3 K -.10 X -.39
" 4
4 a -.10 k -.35
A S
5 k -.08 F .28
S cs

* A sensitivity coefficient represents the percent increase in the predicted
value resulting from a 1% increase in the respective parameter.
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results with those in Tables D-6 and D-7, two general observations can be made
First, the lists of most important parameters change somewhat as the

ranking criteria switches from absolute to relative sensitivities.

Secondly, the relative sensitivity coefficients are generally lower in

scale. This essentially reflects that the model framework is more

TABLE D-9. CHLOROPHYLI~A SENSITIVITY* RELATIVE TO PRACTICE 1

Practice
Soil Type Rank 5 (CeB-CH) 7 (CBWM)
Parameter Sensitivity|Parameter Sensitivity
Lowland 1 ak .25 aq .46
2 -.1 -
al 2 al 22
3 a .07 a .12
o) o
4 K .06 K -.11
7 L
5 F -.04 -.11
D g
Ridge 1 a4 .52 a, 1.12
2 al -.19 a; -.44
. .24
3 K7 12 ao
. .2
4 aO 10 K7 0]
d . .16
> SI 07 dSI
Upland 1 a, 1.02 a, 2.58
2 KL .33 al -.76
- .42
3 a1 25 aO
4 K .24 K .23
S 7
-.2
5 K4 3 KL .18

* A sensitivity coefficient represents the percent increase in the predicted
value resulting from a 1%.increase in the respective parameter.
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accurate for estimating the relative inpacts of the various practices

than for estimating the absolute inpacts.

For estimating extinction coefficients in a relative sense, the
most inportant paraneters appear to be those related to sedinment delivery
K Ky, der)s rainfall erosivity (R, and suspended solids |ight
extinction (kg) . Note that F, is considerably less inportant here,
than when the parameters are ranked according to absolute sensitivities
(Table D-6). This suggests that a given percent error in the estimte of
this parameter would have a nearly constant percentage inpact on the
conput ed values of the light extinction coefficients for the various
practices. This inpact is subtracted out when relative sensitivities
are considered. In evaluating relative chlorophyll-a levels (Table D-9)

t he phosphorus trapping parameters appear to be nost inportant, along
with the leached fraction of crop residue phosphorus, X..

Based upon interpretations of the results of the above sensitivity
anal yses, the nost inportant paraneters and processes for estimating the
relative inpacts of agricultural practices according to various criteria
are summarized in Table D-10. The sensitivity rankings are typical of the
various soil types and practices considered. They provide tentative
i ndi cations of the nmobst inportant areas for future nodel inprovenent.

At a higher level of sophistication, paraneters could be ranked based
upon their respective contributions to the total variance of predictions
derived fromthe nodel. Such an error analysis could alter, somewhat
the rankings presented in Table D-10. The merits of such an analysis

shoul d be explored in followup work.
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TABLE D-10. SUMVARY OF MOST | MPORTANT MODEL PARAMETERS FOR ESTI MATI NG
THE RELATI VE WATER QUALITY | MPACTS OF VARI QUS AGRI CULTURAL PRACTI CES
Criteria Parameters Processes
Ri ver Sedinment Concentration & o’ Y1 sedi ment delivery
| mpoundrent  Sedi nent at i on K, Ky texture enrichnent
Ri ver Phosphorus Concentration & KS, K4 sedi nent delivery
| mpoundnent  Phosphor us K, resi due | eaching
Loadi ng R rai nfall eyosivity/
gr 0ss erosion
| npoundrrent Nitrogen Concentration Cyr C s C ni trogen trapping

total flow

q S .
F denitrification
D
Ri ver Light Extinction Coefficient dCL, dSI, KS’ K4 sedi ment delivery
Kl texture enrichnent
R rainfall erosivity/
gross erosion
ks solids light extinction
| mpoundment Phosphor us a,, a, a phosphorus trapping
. 4" o' 1
Concentration
K7 resi due | eaching
| mpoundrent  Sedi nent darr d sedi nent delivery
. SI" CL
Concentration
Ks sedi ment trapping
| mpoundment Col or Concentration K8 soil organic
matter enrichment
Kl’ K3 texture enrichment
| mpoundment Li ght ) )
Extinction Coefficient Kgr Ky 4 sedi ment delivery
ke solids light extinction
F seasonal variations in
cs col or and suspended solids
concentrations
Chl orophyl | - a a,, 3,3y phosphorus trapping

resi due | eaching
algal growth
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Appendi x E

Di scussion of Benefit Estination

This appendi x presents the results of the literature review and work
on benefit estimation. The discussion follows the outline described in

Table E-1.

| ntroduction

W begin by enphasizing several points frequently made. As is gen-
erally agreed upon anong econonists willingness-to-pay is the appropriate
measure of benefits. The choice facing society is not between clear water
and polluted water, for exanple, but between various |evels of pollution
It is the incremental or marginal values that are inportant in naking
decisions. The "demand" for water quality (the analog to market demand) is
t he aggregate of how much individuals will give up (will pay) to enjoy

additional increments of inproved water quality.

The economic theory for valuing benefits is well devel oped. A com
plete theory on the provision and use of public goods, those which are
enjoyed in comon, such as the water quality of a stream has been devel oped
Fromthe literature of welfare econom cs we get such concepts as the

Pareto Optimumcriteria, consunmer surplus, the social welfare function,
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1.

2.

3.

4.

Table E-1
Outline of Benefit Estimation Discussion

Points from proposal

A.

B.

C.

Willingness to Pay -- Appropriate Measure
Economic Theory Well Developed

Not so Easily Applied

1) Lack of Market

2) Problem of "Intangibles”

3) Thorough Analysis Impossible

4) Data Needs Immense

5) Equity Question

EPA Needs (Our Impression)

A. Further Pollution Control Expenditures Assessed
on Basis of Benefits

B. Generally Accepted Methodology
1. EIS Review
2. Support Regulatory Standards

C. Policy Direction

Criteria

A. Ease of Application (Data)
B. Identified Pollutants

C. Theoretical Validity

D. Pollutant -——--- > Environmental (Water) Quality

Value Measurement
E. Benefit Quantification
F. Distribution of Impacts

G. General&ability

Examples
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and the equi-marginal principle for selecting the appropriate level of

pollution abatement.

But as is well known, these general principles for management of public
goods are not so easily applied. The problems of the misallocations of
resources and externalities are not theoretical but empirical ones.

For instance, there is the problem of the lack of a market. As we said,
public goods are enjoyed in common. They are shared, so they are not
contained in market transactions and they have no market price to use

to define demand. The question of intangible benefits is also complex.

A hypothetical demand curve can be derived from aggregating individuals'
willingess-to-pay (for increased increments of a public good, as mentioned
above) . One approach to estimating willingness-to-pay is to calculate
the damages that would occur if a project were not undertaken. However,

this method still underestimates psychic benefits (called "intangibles").

In most cases a complete, thorough analysis is impossible because it
is too difficult to estimate the multitude of impacts of, say, a change
in water quality even though it is said (by Kneese and others) that a
materials balance concept should be used. The existence of interactions,
substitutions and indirect benefits in most water quality control prob-
lems contributes to the difficulty of conducting an adequate analysis as
defined by economic theory. Furthermore, data needs are immense and the
expense and personnel necessary for data collection are great. These
are the greatest impediments to good empirical benefit estimation work.

Examples of the types of data used for the various methods of estimating
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water quality benefits are survey data, property sales prices, detailed
studies of physical damages, and origin and destination data from travel-

lers. Many methods use data that must be collected anew for each study.

In addition to these obstacles there is the equity question. Environ-
mental control measures are inherently redistributive and there is no
generally accepted method for the resolution of the conflict of interest
among those who gain and those who lose from environmental quality

improvement. This issue is addressed in Section 6 of the report.

Need for Benefit Estimation

From discussions with personnel in EPA and review of the literature
including the study of water reuse and benefit estimation done by ERCO
for the EPA (1977). The need for benefit estimation can be summarized
as follows.

e A time may come when the national (or industry-specific) pollution
control effort will reach a point at which further expenditures
must be assessed on the basis of benefits received.

e There is a need to develop a generally accepted methodology for
estimating project benefits; something straightforward and applica-

ble to multiple situations including review of EIS reports.

e Regulatory standards may need to be supported by benefit estimation.

Criteria for Benefit Estimation Methods.

Meeting these needs will be a difficult task. To assist in evaluating
methods of benefit estimation we developed a set of criteria which define

a “"satisfactory” benefit estimation framework:
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A. Ease of application (availability of data)-
Does the methodology rely on data generally available, such as
the census and property value assessments or must it be collected
systematically each time?

B. Consideration of identified pollutants.
This criteria is necessary to relate the benefit estimation to

non-point source pollution control in general and, specifically,
to apply it to particular management practices.

C. Theoretical validity.
This necessity was covered earlier in our discussion of willing-
ness-to-pay. In practice, it usually means development of a

demand function rather than estimation of gross benefits or use
of a "judgment value" for benefits.

D. Investigation of the relationship between pollution levels and
value measurement.

The reasoning behind this requirement is the same as for B above,
to be specific.

E. Quantification of benefits.
To compare with marginal costs we must be able to discuss incre-
mental benefits. We must have some measure of benefits to make
a decision -- they are not infinite.

F. Ildentification of distribution of impacts.
This criteria concerns the equity question. We must know who
gains, who loses, and the consequences of alternative controls
to facilitate a decision. This is not necessary to insure
national economic efficiency but it certainly is recognized as
important.  (See, for example, the hearings on the Principles
and Standards in response to the President's concern.)

G. Generalizability of methodology.

For it to be useful to meet EPA needs, the technique must not
be limited to a single problem or region.

Our assessment or benefit methodologies may show that certain techniques
appear more promising than others for specific pollutants or impact

groups or land/water configurations.
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Examination of Examples of Benefit Studies

Having reviewed over thirty recent benefit studies we have selected
eight representative to examine in detail in light of the above set of

criteria.

1. Dennis P. Tihansky, "Damage Assessment of Household Water Quality,
Journal of the Environmental Engineering Division, ASCE, Vol. 100,

No. EE4, August 1974.

This paper develops a comprehensive framework for analysis of

national mineralized water supply damages. The aggregate mineral content
of water, i.e., the total dissolved solids (TDS), increases the depreci-
ation rate of household items and adds to their maintenance needs.
Tihansky derives functions relating these impacts on households to various
levels of dissolved mineral constitutents in the water supply. Data from
household surveys are used to derive damage relations comparing the
average service life of twenty household items to TDS. For example, the
average life span of toilet facilities decreases exponentially as the TDS

content in water supply increases.

Tihansky defines monetary impacts as the sum of annualized capital
costs plus operation, maintenance and repair (OMR) expenses. Total
household damages in monetary terms are calculated from the individual
household item damage equations (TDS and hardness versus dollars).
Tihansky applies these damage functions to state-by-state household
statistics, such as income levels, and data on water quality from
USGS and municipal water supply surveys. This yields regional estimates
of damages, expressed as intervals to account for variability among

households and to reflect water quality sampling errors.
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Significant impacts occur in the midwest and southwest. The
least impact is in the south, northwest and New England. The mean per
household for the United States is $33.50 per year.

The final step of the analysis consists of the calculation of
the percent of damage caused by man-made as compared to natural sources
of TDS load. Tihansky uses a generalized estimate of approximately
thirty percent, derived from a study of the Colorado River and another

of a New Jersey river.

Tihansky's analysis meets all our criteria. For data he relies
on existing studies relating TDS to household item damages (A). He
treats a specific pollutant (B). He develops functional relationships
between damages and pollutant (C). The relationship between value
measurement and levels of pollution is explicit (D). Benefits are
quantified in dollars (E). The distributional aspects are addressed
in terms of the differences in impacts among states and regions in the
United States (F). His methodology is general enough to be applied
to state and regional data (G).

2. Sharon Oster, Survey Results on the Benefits of Water Pollution

Abatement in the Merrimack River Basin, Department of Economics,

Yale University, September 1976. Also in Water Resources Research,
October 1977.

The report deals with the estimate of benefits of water quality
improvement derived from a frequency of use/willingness-to-pay survey
conducted in 1974 in the Merrimack River Basin. The study consisted of
a telephone survey of 200 residents of towns along the river. The

guestionnaire requested information on willingness to be taxed or to
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pay a yearly charge for the river.to be cleaned up. It also asked fox
information on increased use of the river for recreation activities if

it were cleaned up.

The results of the survey showed that the average aggregate willing-
ness-to-pay for river clean-up is slightly over $12.00 per year. The
mean increased use of a clean river is thirteen days per year. This

is a willingness-to-pay measure for a complete river clean-up.

Oster analyzed the survey results by cross-tabulating income with
willingness-to-pay data and with increased use. She found that both

increased with increased income.

Oster's study meets criteria E, F and G. Benefits are quantified in
two ways, dollars and recreation activity days (E). The equity question
is explicitly addressed in terms of differences in willingness-to-pay
of different income groups (F). The method of benefit calculation is
generalizable, although the data would have to be collected for each

study area (G).

Critera A, B, C and D are not met. As explained above, a survey must
be conducted each time the methodology is to be applied (A). Oster does
not specify pollutants (B), she asks about payment to "clean up" the
river. This is ambiguous. An alternative approach was used by Gramlich
in his thesis on the Charles River (Harvard University, March 1975) who
uses a more theoretical questioning technique, posing levels of clean
water corresponding to standards for, for example, "swimmable" quality

water. Although she investigates willingness-to-pay, Oster does not

321



develop a functional relationship between willingness-to-pay and alternative
water quality levels (C). Oster also does not specify a relationship between
pollution, water quality and personal utility (D); she considers total

utility for a total clean-up (undefined).

3. J. C. Day and J. R. Gilpin, “The Impact of Man-Made Lakes on Residen-
tial Property Values: A Case Study and Methodological Exploration,”
Water Resources Research, Vol. 10, No. 1, February 1974.

This study does not concern water quality impacts. However, it
does explore certain methodologies that may be important for assessing
the benefits of water pollution control. The analysis uses a market
study method and a survey method to investigate the benefits of develop-

ment of a reservoir on nearby property values.

Data are collected for 455 single family and apartment houses
surrounding the project area. A regression analysis is performed to
determine the factors associated with residential assessed property
values (sales values would have been more meaningful, the authors
contend, but only a small number of records were available). Distance
from the reservoir predicted only 0.8 percent of the variation. Day
and Gilpin feel that this result suggests that the reservoir project
had not influenced assessed property values; so they tried an alter-

native approach, behavior analysis.

A survey was conducted of 35 percent of the dwelling units surround-
ing the project area to determine residents' perceptions of the value
of the reservoir. Ninety-four percent did not know about the project

when they moved to the area. The questionnaire requested interviewees
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to rank the factors which contributed to the benefit of living in the
study area. Only two percent ranked the reservoir in their top four
choices and these people lived adjacent to the project area. Seventy-
one percent of those interviewed felt that the reservoir project did
not affect property values. Day and Gilpin conclude that benefits are
restricted to a small area contiguous to the lake property.

Since this study uses two methodologies, they will each be assessed
in light of our criteria. The market study meets criteria A, C, E
and G. The survey methods meets only F and G. The market study approach
is appealing because it uses generally available data, land value assess-
ments (A). The survey method, as in the Oster study,has to be repeated
each time it is used. Regression analysis is a theoretically valid ap-
proach (C). The behavior analysis methodology is qualitative and there-
fore not theoretically valid. It could, however, be a helpful complement
to a more rigorous method. The market study quantifies benefits (E).
The survey does not, although benefits of the reservoir are compared
to other benefits through ranking. The property value study does not
address the equity question although it could be used to do so. The
guestionnaire, however, does show that certain benefits accrue only to
those living adjacent to the water body (F). The property value method-
ology is generalizable (G). So are the survey and ranking analysis

methodologies but they must be repeated each time.

Neither methodology meets criteria B or D since the study was
not concerned with water quality, although they could be adapted to

study water quality impacts. In particular, the behavior analysis
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methodology might be used to investigate the relationship between
water quality and a value measurement.
4. Dow Chemical Company, An Economic Analysis of Erosion and Sediment

Control Methods for Watersheds Undergoing Urbanization, Final Report,
Midland, Michigan, February 1972.

This is one of the few analyses specifically concerned with sediment
as a water quality determinant. The study relies on available cost data
relating to sediment damages and presents average damage costs per ton
of sediment entering the stream system. It is part of a larger report
focusing on soil losses from urban construction sites which analyzes
the cost and effectiveness of numerous sediment control systems. The
economic impact of sediment in water was estimated for the Potomac River

below the confluence with Seneca Creek.

The study assumes that a reduction of a unit of sediment provides
a proportional reduction of cost, an assumption which probably holds for
large scale sediment removal but does not apply to small reductions.
From measurement of the existing total sediment transport in the river,
a reduction in yearly average sediment load was estimated for the river
to be considered "clear." This amount was used to reduce annual dollar

damage estimates to dollars per ton of sediment removed.

Damages per ton of sediment to downstream water bodies are calculated
in terms of uses which are defined as: metropolitan water supply;
industry including electric power, dredging and commercial fishing;
recreation including fishing and boating; aesthetics; and flood damage
abatement benefits due to sediment control impoundments. Calculation

methods are as follows:
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Metropolitan Water Supply

The difference is calculated between chemical treatment costs,
assuming the water is clear and existing treatment costs. Costs are
linear versus sediment concentration so cost differences are divided
by required reduction in sediment per year to give cost per ton of

sediment removed.

Electric Power Improved cooling condenser design prevents plugging

from fine particles so cost is not reduced by lower sediment concentrations.

Dredging From available data a cost per cubic yard for dredging is
developed which includes disposal costs. This is multiplied by the
past average amount dredged and divided by the required reduction in

sediment per year.

Commercial Fishing The present dockside value of fish and shellfish

is calculated. From data on the impact of suspended solids on trout
and shellfish density as a percent of normal for "clean" streams,
the increase of commercial catches is calculated assuming that it
would increase proportionately to the fish population. The increase

per ton of sediment is then determined.

Recreational Fishing An average number of fishing days is estimated

from Fish and Wildlife Service forecasts and an average value per
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man-day for fishing is assumed. The average annual value of all
fishing days in the area is calculated and the increase in value is
calculated assuming the same fish density increases with reduction
in sediment as for commercial fishing. Value returned per ton

of sediment is determined.

Boating The number of pleasure boats using the tidal Potomac is esti-
mated and annual total recreation expenses are calculated on the

basis of amortization of an assumed average original cost and annual
expenditures per boat. A percentage increase in boating due to clean
water is assumed and a percent contribution to this amount due to
sediment removal as well. The potential increase in value is calcu-

lated and divided by the annual tons of sediment required to be removed.

Aesthetics The number of visitors to the area is estimated and a
proportion who are tourists is assumed. As a matter of national
pride to help reduce sediment in the Potomac, an amount per visitor
($.25 - $.50) is assumed as reasonable value to ascribe to
aesthetics. Based on this assumed value, the average amount of

damage per ton of sediment removed is calculated.

Flood Relief Incidental to Sediment Control The annualized flood

damages in the Potomac flood plain are estimated. The number of
impoundments necessary for sediment control is determined and their
flood prevention value in proportion to drainage area retained is

calculated. This is divided by the annual amount of sediment trapped

to yield a value per ton of sediment retained by impoundments.
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The damages to the users of the Potomac River below Seneca Creek

are summarized as follows in dollars per ton of sediment:

Metropolitan Water Supply 31
Electric Power 0.00
Dredging .67
Commercial Fishing 1.27
Recreational Fishing .88
Boating .84
Aesthetics 2.56
Subtotal 6.53
Flood Relief Incidental to Sediment Control .27

TOTAL 6.80

The Dow Chemical Company study meets criteria A, B, E, F, and G.
Existing data sources are used for calculating all damage estimates (A).
A specific pollutant, sediment, is addressed (B). Benefits are quanti-
fied in dollars (E). The distributional aspects of sediment control
are addressed in the identification of user groups who derive different
amounts of benefit from sediment removal (F). The methodology is of a
generalizable type which could be applied to other watersheds if compar-

able data were available (G).

Criteria C and D are not met. Despite the development of what
appear to be functions relating tons of sediment removed to benefits,
they are actually based on aggregate values and only assumed to be linear

(C). Judgment values and assumed values and proportions are also used
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in several of the user benefit calculations. The value measurement for
sediment removal is assumed to be equal to the dollar value of damages
caused by the sediment (D). This is a valid concept. However, particu-
larly for recreational fishing, boating and aesthetics, the dollar
values chosen are not necessarily reflective of the benefits derived
from the experience. Other problems with the analysis include the
neglect of possible higher equipment costs for electric power plants

and the cumulative impact of sediment on flooding.

5. Alan Randall, Berry C. lves and Clyde Eastman, Benefits of Abating
Aesthetic Environmental Damage, New Mexico University Agricultural
Experiment Station Bulletin 618, Las Cruces, New Mexico, May 1974.

Randall et al evaluate the economic benefits to abating the
aesthetic environmental damage associated with the electric power indus-
try as perceived by users of the affected environment around the Four
Corners Power Plant, Fruitland, New Mexico. The study uses the theo-
retical concept of aggregate bids or benefits for the provision of a
public good as a basis for the analysis. Efficiency in the provision
of a public good can be achieved by equating the marginal bid with the

marginal cost.

The bidding game technique of data collection was adapted for use
in this study. The purpose of the games is to pose hypothetical questions
to measure the willingness of a sample of respondents to pay for envir-
onmental improvements. Five bidding games were developed to provide
several benefit estimates. Respondents were shown three sets of photo-

graphs depicting three levels of environmental damage around the power
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plant. The highest level of environmental damage was chosen as the starting
point and respondents were asked to respond yes or no to dollar amounts
to elicit the highest amount they would be willing to pay to improve
the environment to an intermediate level of damage or to minimal damage.
The following types of games were used: regional sales tax (air quality
region); additional charge to electricity bill to all who use the elec-
tricity produced by the plant even if they do not live in the region;
monthly payment (no particular payment vehicle); addition to user fee
for recreationists; compensation game which assumes that the respondent
owns the environment and accepts monthly rent from the industry to
damage the environment.

Determination of three points on the aggregate bid curve cor-
responding to the levels of environmental damage illustrated were
calculated by aggregation methods appropriate to the stratified random
sampling technique used. Marginal aggregate bid curves or price curves
were generated by taking the first derivatives of the aggregate bid
curves. Benefits of an intermediate level of aesthetic damage abate-
ment were estimated at $11 to $15 million annually, while benefits of

complete abatement were $19 to $25 million per year.

Calculation of the "income elasticity of bid" and the "electric
bill elasticity of bid" indicated that bids for abatement
were higher for households with higher incomes and for households con-

suming more electricity.

Questionnaire results suggested that financial arrangements

for abatement of aesthetic environmental damage from the power plant
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should place the burden on industry and consumers of electricity.

Criteria C, D, E, F and G are met by the Randall study. The
object of the bidding games are to produce willingness-to-pay measures
in response to changes in environmental damage (C). Water quality is not
considered in this study but the relationship between aesthetic environmental
quality and a value measurement is specifically addressed in the bidding
games (D). Benefits are quantified in dollars (E). The distribution of
benefits is considered through sampling different groups including recre-
ationists and by investigating the elasticities of income and electric
bill (F). Also, the method of using alternative games elicited infor-
mation about the preferences for distribution of the financial burden for
abatement of pollution from the power plant. The data collection and
analysis methods were successfully used in this instance and could be

applied elsewhere, however, a new survey would have to be taken (G).

The Randall study does not meet criteria A or B. To use the
methodology tested in this study requires the development and execution
of a reliable survey (A). A specific benefit, aesthetics, is addressed
in this study, but the pollutants are many, including particulate
emissions, power lines and strip mining (B).

6. Thomas D. Cracker, Robert L. Horst, Jr. and William Schulze, Multi-
disciplinary Research in Environmental Economics; Two Examples,
paper prepared for the workshop on Multidisciplinary Research Related

to the Atmospheric Sciences, National Center for Atmospheric Research,
Boulder, Colorado, August 1977.

Crocker, Horst and Schulze discuss the valuation of atmospheric

visibility to illustrate the application of an economic value measurement
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to a phenomenon generally considered to be intangible. The area chosen
for study is the Four Corners regions around Farmington, New Mexico

where the unique nature of the extended atmospheric visibility is valued

as a public good.

The research approach chosen for the study was outlined as follows:
emissions ~—3 ambient concentrations ——3« scientific measurement of
visibility reduction

public's perception of
value method é~—— visibility change

No complete dispersion model was available to establish the first
linkage between emissions and ambient concentrations. The second linkage
was formed by taking pairs of black and white color photographs of
identical scenes at the same time. The meteorological range represented
by the black and white photographs was derived from a companion study.
The third linkage was assumed to be one-to-one based on other research.

A survey was used to make the fourth linkage.

A sample of the population of Farmington, New Mexico was surveyed
and asked to choose which among three color photographs most accurately
represented the ambient conditions during a week in the summer. The
respondent was then questioned on how he spent his leisure time during
that week including both activities and expenses related to those acti-
vities. He was then asked regarding thee chosen activities, how he
would change his use of leisure time if conditions were as they appeared

in the other two photographs.
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The authors used the household production theory (product substi-
tution and unit prices per hour) approach to develop compensated de-
mand functions for visibility from the survey data on time budgets
and expenditures. Compensating income surplus for a reduction in
visibility was calculated to be about forty dollars a week (in 1976
dollars). This is a measure of what the individual would have to be

paid to tolerate reduced visibility.

The Crocker study meets criteria C, D, E and G. A demand function
for visibility is generated using the economic model developed in the
study (C). Although the study concerns air quality rather than water
guality, the relationship between personal utility and pollution levels
is specified in the research approach and the economic model (D).
Benefits are quantified in dollars (E). The study demonstrates that an
analytically sound implementable model can be constructed to value
aesthetic phenomena (G). However, the data necessary to implement

the model must be acquired empirically.

Criteria A, B, and F are not met. As just mentionned, the data
on which this method is based must be collected for each case to which
the model is applied (A). The research outline for the study indicates
that the relationship between emissions (specific pollutants) and ambient
concentrations was not specified because of the lack of a complete model
(B). If this type of model were available for use with the economic
model, then this criteria would be satisfied. The study does not address

the question of distributional impacts (F).
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7. S. D. Reiling, K. C. Gibbs and H. H. Stoevener, Economic Benefits
from An Improvement in Water Quality, prepared for the Office of

Research and Monitoring, U.S. Environmental Protection Agency,

Washington, D.C., January 1973.

Reiling, Gibbs and Stoevener test a methodology for estimating the
economic benefits accruing to society as a result of water quality
improvements and associated recreation increase at Klamath Lake, Oregon.

Benefits to the local economy are also estimated.

The demand model is based on two prices which determine the number
of visitor-days which recreationists consume, the cost of travel to the
site which does not vary with the length of stay and the on-site cost.
The methodology designates a critical level of these costs beyond which
the recreationist will choose not to recreate at the site at all. Cost
variables are expressed on an individual basis rather than for the recrea-
tion group. Travel costs include transportation, food expenditures, lodging,
camping fees and other expenses. On-site costs include lodging, camping
fees, equipment rentals, meals and miscellaneous expenses. Other
variables for the model are demographic characteristics of the recreationist,
income after taxes and site characteristics which include the size of the
lake and use-intensities for water-related activities. These last are
subjective variables reflecting low, medium and high use for fishing,
boating, etc. It is assumed that the level of these activities is depen-
dent on the water quality and other physical features of the lakes. It
is noted that it would be more satisfactory to specify the model with
respect to the biological and physical parameters of the lake directly;

but these data were not available.
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Survey data collected at Klamath lake and at three other nearby
lakes with varied characteristics are used to estimate equations of the
statistical demand model. Four relationships are estimated: the cri-
tical on-site cost, the critical travel cost, the demand relationship
and the number of visits relationship. The recreational value of each
lake was determined from the demand model by calculating the consumer
surplus which is a function of on-site costs, length of stay per visit,
travel costs and average income. The resulting per visit value was mul-
tiplied by the estimated number of visits to give a net economic value
for Klamath Lake for 1968 of $82,000. The relationship derived between
the number of visits to a site and the characteristics of the site was
used as a predictor for percent increase in visits to Klamath Lake if
water quality improved. New use-intensity ratings were hypothesized
for the lake given a hypothesized two-stage improvement in water quality.
The increase in visits based on the new use-intensity ratings was cal-
culated, and based on this increase, the new economic value was estimated.
The first stage of water quality improvement, removal of algae, would
yield $1.2 million worth of recreation benefits and the second stage,
lower water temperature and beach improvement, would yield an addition

$2.66 million.

The impact of expanded recreational use of Klamath lake upon the
local economy is estimated through the use of an input-output model of the
Klamath County economy. The model measures the gross flow of goods and
services between sectors. A sampling of the sectors of the economy were

surveyed to obtain the necessary detailed financial data for construction
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of the transactions matrix. Data from the demand model were used to
obtain total expenditures in Klamath County associated with recreation
by sector. The recreation expenditures are viewed as part of final
demand of the input-output model affecting total output and household
income. Regional recreation benefits for 1968 for Klamath Lake are cal-
culated from the input-output model to be $227,000 of household income.
The hypothesized two-staged improvement in water quality discussed

above would increase household income by $347,820.

The Reiling, Gibbs, Stoevener study meets criteria C, E, F and G.
They develop a demand function which is used to estimate the recreational
value of each lake studied (C). The input-output model is also based on
sound economic principles. Benefits are quantified in dollars and
secondary benefits to the local economy are also estimated (E). The
distributional aspects of the impact of water quality improvements are
addressed by the use of the input-output model which indicates which
sectors of the economy benefit from increased recreation expenditures
(F). The methodologies used in the study are applicable elsewhere,
although both the recreation survey used to provide data for the demand
model and the survey of the regional economy for the input-output model
would have to be carried out at each location studied (G). There would
also have to be agreement on the values assigned to the use-intensity

variables for the methodologies to be used in any comparative manner.

Criteria A, B and D are not met by the Reiling study. To implement
either of the methodologies used would require a survey data collection

effort although other study areas might have more readily available
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financial data for an input-output model (A). Water quality parameters

are not specified in the model (B). As mentioned earlier, the authors

feel that a more satisfactory model would relate changes in the physical

characteristics of the water resource to responses in human behavior

but that these data were not available (D).

S. Battelle Memorial Institute, "The Impact of Mine Drainage Pollution
on Industrial Water Users in Appalachia,” Appendix A to Acid Mine

Drainage in Appalachia, a report by the Appalachian Regional
Commission, Columbus, Ohio, March 1969.

The Battelle Memorial Institute conducted a study to estimate the
effect of mine drainage pollution on the cost of water use by industry
in Appalachia. The impact on regional industrial activity was also

examined.

The study focused on the effect of mine drainage on production tech-
niques and production costs. The necessary data could only be obtained
by visits to industrial plants and by detailed interviews with plant and
company personnel. Sixty-seven in-plant interviews were conducted in
six river basins. The sample of plants to be interviewed was chosen to
pinpoint those industrial water users most likely to be affected by acid
mine drainage. This involved collection of data on the general water use
characteristics and water quality sensitivities of all major Appalachian
industrial water users. Other data collected included: the costs of
water utilization for water supplies, pumping, treatment, distribution,
recirculation and waste treatment; the proportion of water costs to the

overall value of industrial production; methods adopted by industries
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to adjust to mine drainage conditions; and costs of adjustments to mine

drainage.

The economic impact of acid-mine drainage was inferred from the in-
terview data. Detailed cost estimates were developed for various methods
of treating mine drainage polluted industrial water supplies, including
treatment at the source and lime neutralization. A hypothetical three-
stage reduction in mine-drainage pollution was assumed and treatment
costs were applied to interview data to obtain estimated savings. The
following costs and potential savings were investigated: costs of alter-
native water sources (savings from substituting raw surface water);
costs of using modified equipment; abnormal operation, maintenance
and replacement costs of production equipment or water-system components;
costs of product adjustment (savings in product quality control); costs of
treating mine-drainage derived contaminants in withdrawal of direct
supplies of water from mine-drainage rivers; costs of treating mine-drainage
derived contaminants in water purchased from municipal or other supplies
affected by acid-mine drainage. Expected changes in production were also
analyzed, including new levels of output, new location, new products,
new quality of output given reduced production costs resulting from
reduction in mine drainage. The results for the sample were then pro-
jected to include the entire manufacturing sector within each river

basin surveyed.

The survey showed the maximum savings from pollution reduction would

occur from treatment at the source rather than lime neutralization. The
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maximum possible savings from a 90 percent reduction in mine drainage

at the source in all Appalachian river basins is $1,230,000. The greatest
portion of the savings come from savings in chemicals used in conventional
methods of water treatment. The major savings would be to large plants
directly using river water. Fifty percent of the entire savings would
accrue to several very large steel producing plants in one region of
Pennsylvania. It was found that adjustments to acid-mine drainage accounted
for only a small fraction of total water costs at manufacturing plants
which themselves were generally less than one percent of the total value
of sales. The study concluded that no regional industrial impacts includ-
ing water use, production, employment and use of raw materials and power

would occur as a result of reduction in acid-mine drainage.

The Battelle study meets criteria B, C, D, E, F, and G. A specific
pollutant, acid-mine drainage, is the focus of this study (B). From the
survey data, functional relationships are developed showing the savings
resulting from various levels of pollution reduction depending on the
type of treatment employed (C). The detailed industry-by-industry in-
vestigative work done for this study was aimed at identifying the economic
impact of a specific pollutant on a specific receptor, the manufacturing
industry in Appalachia (D). Benefits of pollution reduction are quan-
tified in dollars (E). Distribution of the savings from mine drainage
reduction was considered for different industry groups and between large
and small industries (F). The methodology employed in this study can

be applied to other regions, and in many cases, is the only way to
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understand the financial impact on industry of environmental improve-

ments (G). It, of course, involves expensive detailed interviewing.

As just mentioned, because of the techniques necessary for data
collection for this type of study, application is not easy and therefore

it does not meet criteria A.

Summary of Reviews

This assessment of benefit studies has shown that few studies meet

all criteria. Criterion A, ease of application, proved to be the most

difficult criteria to satisfy. This is primarily because response to
changes in environmental quality is such a complex subject and there

are few relevant studies. Three of the studies summarized here do meet
criteria A: the Tihansky study, and the Dow Chemical Company study, and
the property value study by Day and Gilpin. In the Tihansky study, the
benefit group chosen, household water supply, and the pollutant, dis-
solved minerals, had generated enough research interest so that there
were data available on which to develop a damage function relating
pollutant to economic value. The Dow Chemical study used data (where

available) and judgment values where sufficient data were lacking.

Of the methods in the three Studies satisfying Criterion A, the
property value technique employed by Day and Gilpin is most appealing
because it relies on existing (secondary) data, either property tax

assessments or sales prices and census data. However, there are
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shortcomings to the approach, including the difficulties involved in
selecting a site for cross-sectional or time series study, where the
effects of changes in water quality can be isolated. (For example,
see discussion on pages 6 to 9 in Darroger and Dornbusch 1973.)
problem with the property value approach is discussed by Binkley and
Hanemann. They note that if property values rise near a water body
they may fall in an area further away from the water body and simply
knowing how much property values change near the water body will not
allow conclusions regarding change in social welfare. (See S. Binkley,
W. Hanemann, Urban Systems Research and Engineering, Inc., pages

14-18.)

The failure of several studies to meet criterion D, pollution level-

value measurement relationship, points to a major problem in benefit

estimation. The lack of existing data that link pollutant and value
measurement results in the need to conduct surveys or undertake other
expensive data collection efforts. A study that requires primary data
collection to establish this relationship therefore does not meet cri-
teria A. Such empirical data for many water quality parameters, and
especially for interactions among water quality determinants, is not
readily available. Studies which do meet criteria D are the Tihansky,
Battelle Institute, Randall and Crocker studies. Both the Tihansky and
Battelle Institute studies are concerned with pollutants which affect
the cost of production, the former for the household and the latter for

industry and both are able to specify defensive expenditures for different
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levels of pollution. The Randall and Crocker studies specifically es-
tablish the connection between pollution levels and value measurement in

their surveys.

Criteria B, consideration of identified pollutants, is a third

area of difficulty with most of the studies considered. Only the
Tihansky, Dow Chemical Company, and Battelle Institute efforts address
specific pollutants (dissolved minerals, sediment and acid-mine drainage,
respectively). Other studies focus on more general types of pollution
such as lowered visibility, or rivers and lakes with poor water quality,
and do not develop data or methodologies to handle individual pollutants

or combinations of pollutants.

Criteria C, E, F and G (theoretical validity; benefit quantification;

distribution of impacts; and generalizability) are more readily met than

A, B or D. The Tihansky, Day and Gilpin, Randall, Reiling and Battelle
Institute studies satisfy these criteria. These studies are based on
accepted methodologies, and they quantify benefits in dollar terms. They
address the equity question in different ways, including comparing impacts
on different regions, different income groups, different industries or
sectors of the economy, or different population groups defined by location
or consumption. The techniques employed in these studies are reproduc-
file in other locations for other problems, however, most would require
new data collection efforts. The Crocker study meets criteria C, E and

G but does not address the equity question. The Dow Chemical Company

and Oster studies satisfy criteria E, F and G but calculate aggregate
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benefits rather than developing a functional relationship between bene-

fits and levels of pollution.

From review of benefit methodologies presented here it appears
that there are several approaches for evaluating water quality impacts
from agriculture that could be developed for empirical testing. Table E-
2 shows which methodologies are most appropriate for particular activi-
ties, uses or groups. Referring back to the studies reviewed, examples

of methodologies applied to specific benefit categories include:

1) time budget - Crocker study of aesthetics;

2) bidding games - Randall study of aesthetics and Oster study of
recreation (a less sophisticated example where aggregate
willingness-to-pay data is collected);

3) travel cost - Reiling study of recreation;

4) marginal cost - Tihansky study of household water supply and
Battelle Institute study of industrial water supply;

5) net factor income - Dow Chemical Company study of commercial
fishing (among other things);

6) market study - Day and Gilpin study of property values;

7) non-dollar measurement - Day and Gilpin's value ranking
study and;

8) input/output model - Reiling model to estimate local economic

benefits.
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Table E-2. Comparison of Methodologies to Measure Water Quality Benefits
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We have not reviewed a study devoted to valuing water quality benefits
to ecology (alternative cost); (for a good discussion of the sparseness
of the literature in this area, see Jordening, L., Development Planning

and Research Associates, Inc., pages 47-48).

As indicated in the above discussion, there are trade-offs involved
in choosing a methodology appropriate for use in estimating benefits to
water quality groups. The major one is the use of readily available
secondary data versus the need for a theoretically valid model which
relates specific pollutants to a value measurement. An example of this
tradeoff is the Dow Chemical Company study which resorts to judgment and
aggregate values, due to the lack of required data. There are more data
available for certain benefit categories such as household water supply
than for others such as aesthetics (see earlier discussion of Tihansky
study). Surveys are expensive and time consuming but there does not
appear to be any feasible alternative especially for measuring recreation
or aesthetic benefits which are two of the major categories in which bene-

fits from reducing nonpoint source pollution lie.

Another related problem is the need to isolate specific pollutants
and to relate them to a value measurement. Photographs are used in the
two studies concerned with air pollution (Crocker and Randall), a sedi-
ment load standard is developed in the Dow Chemical Company report, and
dissolved mineral concentration levels are specified in the Tihansky
study. These are examples of mechanisms employed to match a physical
measure of environmental quality to a measure of value to people. In

cases where more than one water quality parameter is of interest, as is
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often the case for water quality problems, the problem is much more
difficult. Again there is a trade-off between choosing a methodology

which develops a valid functional relationship and one which examines

benefits in the aggregate.

Several of the methodologies which we have reviewed can be used to
investigate the distributional aspects of water quality benefits. For
instance, bidding games can be applied to different population groups
defined by location or income, methods to evaluate the marginal cost
of treatment or production can be used to examine differences in bene-
fits among industry or household groups or among geographic regions, and
the input-output model may be used to focus on impacts to alternative
economic sectors. The major concern here, of course, is the definition
of equity, the decision to choose certain groups whose welfare is of
enough importance to require the focus of the study. As we have seen,

many groups are important depending on the region or problem of concern.

The land/water configuration and land uses of the study area be-
come important factors in determining the appropriate methodology(ies).
Is the water body a large flood control impoundment that is widely used
for recreation or is it a river used for municipal water supply and
industrial cooling water? Is it a small stream running through agri-
cultural land used by local sport fishermen or is it an estuary used as
a commercial fishery and for navigation purposes. These kinds of ques-

tions must be answered to determine which impact groups are likely to

derive the most benefit from improvements in water quality. Choice

of impact groups will in turn reduce the number of candidates for bene-
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fit methodology. If a number of beneficiary categories appear to be
important then several different instruments may have to be employed
simultaneously. This, of course, will increase the scope and expense

of a benefit study.
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Appendix F
Crop Response to Fertilizer
One of the policies evaluated in Section 6 of the report pertains
to mandatory reduction in the use of fertilizer as a way to improve
water quality. This analysis provides the basis for estimating yield

reductions and farm revenue changes that are treated in Section 6.

To estimate the effects of fertilizer usage on farm revenues (as

well as water quality) it is necessary to relate application levels to
yields. Nitrogen and PO are the fertilizers of primary interest.*
The work of Taylor and Frohberg (1) for Illinois appeared attractive
because optimum levels of nitrogen application are related to yield
(expressed as a percent of maximum yields attainable) for a range of
corn to nitrogen price ratios. Moreover, small differentials in yield
are estimated in the range where optimal results are anticipated,**
i.e., where marginal costs and marginal returns are equal. (Some other
data, developed expressly for Indiana available at the outset of work,
were considered inadequate because average statewide conditions are

treated, rather than specific counties or soil types relevant to the

Black Creek area (e.g., (4) and (5)). If the Illinois yield-nitrogen

* The x,0 fertilizer is not analyzed because crop response and water
qguality are less sensitive to potassium than to nitrogen and phosphorus.

** - - . .

For example, Taylor and Frohberg list seven nitrogen application
rates which cover a range of corn yields from 100 percent of maximum
yield to 99.1 percent.
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response relationships could be made applicable to Indiana, we would be
able to investigate conditions where relatively large reductions in

nitrogen (e.g., 14 percent) applications result in small reductions in

yield (e.g., one percent).

Data on corn response to nitrogen for Indiana were then obtained
from Meta's field work (2, 3). Tests had been carried out for a range
of nitrogen applications from 0 to 180 pounds per acre on Blount Silt
Loam and 0 to 210 pounds per acre on Odell Silt Loam on the two differ-
ent soil types identified as relevant to Allen County (2, 3). However,
the test results are of limited value because only two intermediate levels
between zero and maximum nitrogen application are reported. A comparison
of Indiana data with Taylor/Frohberg (1) was made to see if the relation-
ship developed for Illinois could be applied to the Indiana Odell Silt
Loam soil and thus establish a more precise estimate of yield response to
nitrogen in the range of near maximum yielded conditions, i.e., where only
small yield reductions occur with sizeable reductions in nitrogen appli-
cation. Fig. F-1 shows the comparison between Illinois crop response
(1) and that for Indiana on one type of soil (3). The four data points
provided by the Indiana tests (shown for three different applications of
PZOS) :indicate a fundamental difference in the Indiana crop response
compared to Illinois. At low rates of nitrogen application (0 to 1.0
pounds nitrogen per bushel of yield), yield improvements are greater
on the Indiana soils than on the Illinois soils. Also it is seen that

maximum yield in Illinois occurs with 1.34 pounds nitrogen per bushel
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yield while maximum yields in Indiana occur at application rates be-
tween 1.43 and 1.67 depending on the level of P205 application.* Thus,
for maximum vyield in Indiana on Odell Silt Loam soil of 130 bu/acre, the
Illinois response function would estimate a nitrogen application rate

of 174 Ibs/acre (1.34 Ibs x 130) whereas Indiana tests indicate 185.9

to 217.0 Ibs/acre are needed.

The yield response data from Reference (1) were therefore judged
unsuitable for Indiana Odell Silt Loam. However, the Illinois response
function was utilized in the subsequent steps for Odell Silt Loam as an
aid in approximating the general shape of,the Indiana response function
because only four nitrogen application rates are reported from the
Indiana Tests. For the Blount Loam soil, the Illinois response function
was ignored; the yield response to nitrogen on Blount Loam soil is even

more divergent from the Illinocis function than the Odell Silt Loam soil.

For the Odell Silt Loam (used for soil types 4 in Black Creek),
corn response for applications of 0, 70, 140 and 210 pounds of nitrogen
are reported for four different rates of P (i.e., 0, 17.6, 35.2, 52.8 Ibs
per acrs). Average yield over the period 1967 to 1969 is plotted as a
function of P for the four nitrogen application levels as shown in
Fig. F-2. A cross plot of yield versus nitrogen application was then

**

made for three specific rates of P_O_ as shown in Fig. F-3. Fig. F-3

25

* In Reference (1) phosphorous and potassium application rates are
assumed to be equal to the amounts removed in the grain which should
approximately maintain the P and K levels in the soil and thus the yield
response is essentially dependent only on the amount of nitrogen applied.

**

Where P = .44 (PZOS).
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includes the Taylor/Frohberg response function which served as a guide
for interpolating between the four data points reported in the Indiana
tests. Nitrogen application of 160 Ibs/acre and P,0; of 30 Ibs/acre
were recommended to achieve an expected yield of 130 bu/acre in the
Black Creek area.* This is in close agreement with the yields (131 bu/

acre) obtained from the Pp crossplot and shown in Fig. F-3 at an

2%
application rate of 160 Ib/acre of nitrogen.

For the Blount Silt Loam (used for soil types 1 and 3 in Black
Creek), corn response for applications of 0, 40, 80, and 120 pounds
of nitrogen are reported for 1962 and 1963 while applications of 0, 60,
120, and 180 are reported for each of the next two years. Average yields
for 1964 and 1965 were calculated as a function of nitrogen application.
These data are reported to a constant P,0¢ of 120 Ibs/acre. (The 1962
and 1963 data were eventually excluded in our analysis because it is
guestionable whether maximum vyields were attained with an upper limit
of 120 Ibs/acre of nitrogen. The 1964-65 average indicates that maximum
response occurs somewhere between 120 and 180 pounds of nitrogen per acre.

Therefore actual yield was expressed as a percent of yield achieved with

120 Ibs/acre of nitrogen as shown in Fig. F-4.

The next step was to adjust Fig. F-4 for two different yield-nitrogen

levels recommended for use in our project by H. Galloway. For lowlands

*

Recommended by Harry Galloway, Purdue University. Based on later
information the P;05 was increased to 40 Ibs/acre, with no change in the
130 bu/acre vyield. Fig. F-3 was not reconstructed to depict the later
information. However the response curve, used to estimate yield reduc-
tions with reduced nitrogen application for the Section 4 policy analysis,
is based on the slope of the 40 Ib/acre P30s5 curve shown in Fig. F-3.
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(soil type 3) the recommended N is 160 Ibs/acre and 30 lbs/acre of P2Q5
with vyields in the Black Creek area expected to be 130 bu/acre. For
uplands (soil type 1) the recommended N is 140 Ibs/acre and 30 Ibs/acre
of P,O5 for an expected yield of 120 bu/acre. From Fig. F-4 it is seen
that with N = 160 for lowland soils, the yield is the same as at N = 120,
the yield at other levels of nitrogen application is obtained by multi-

plying the response function value (i.e., percent of yield at 120 Ibs/

acre nitrogen) by 130 bu/acre.

For upland soils at N = 140, Fig. F-4 shows that expected vyield
is 1.022 times the yield at N = 120. Since we force the relationship
of 120 bu/acre yield at N = 140 to comply with Galloway's estimate,
the reference yield (at 120 Ibs/acre of nitrogen) must be reduced to

117.4 bul/acre (i.e., 120 bu/acre : 1.022).

All the above calculations for soil types 1 and 3 are based thus
far on the yield-nitrogen response data which are reported to a fixed
level of P,0O; of 120 Ibs/acre. We next must adjust the derived yield-
nitrogen reponse for the much lower, recommended, level of P,O5 of 30 Ibs/
acre for Black Creek. Four different P,O; levels (0, 30, 80, 120 Ibs/
acre) are reported (3) with nitrogen at a constant 180 lIbs/acre. These
data indicate the same maximum yields were obtained at P,0O; of 80 Ibs/
acre as with P,0; of 120 Ibs/acre. Furthermore, maximum yields were
reduced by only one percent and 3.7 percent for P,O5; of 30 and zero
respectively. Based on these reductions, the yield response for P,O5 =

120 (depicted in Fig. F-4) was adjusted by factors of 0.99 and 0.98
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to obtain the yield-nitrogen response curves forP205= 30 and 20 respec-
tively. The final response curves shown in Fig. F-5 for soil types 1
and 3 have, therefore, been derived from Fig. F-4 but with adjustments to

incorporate applications of P and nitrogen to give the expected vyields

2%
recommended to Meta Systems (by Galloway) for soil types 1 and 3.

To investigate the sensitivity of water quality to various fertili-
zation levels based on the yield response relationships, changes in nitro-
gen and P,05 application were postulated and applied to the derived yield
response functions. Decreases in nitrogen levels of 13 percent from rates
recommended by Galloway would be desirable according to Commoner (6) to

reduce nitrate concentrations for surface water for the East Central region
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Figure F-4. Yield Response of Corn to Nitrogen (P,05 = 120 Ib/acre) Blount
Silt Loam. o = Data Points from Ref. 3.
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of Illinois. Commoner indicates that if the rate of fertilizer application
were reduced to 146 kg of N per hectare corn (from a level of 168 kg of N
per hectare), the 10 ppm standard would be exceeded no more than five per-

cent of the time during the spring months.

In addition, two cases were postulated to evaluate the impacts on
yield from changes per acre reduction in nitrogen which is a lesser re-
duction than dictated in PO, application to corn. The changes in the
recommended ?_o_ level were stipulated on an arbitrary basis. The

25

recommended levels of PO were increased and decreased in 10 pound
increments. In preliminary studies, these changes in phosphorus fer-
tilization rates were found to have negligible impacts on water quality

and therefore were not considered further.
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